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SELF-CONTAINED VEHICLE LAND NAVIGATION SYSTEMS (V-NAV) TEST II REPORT
t (Test Number FP4 237)

EXECUTIVE SUMMARY

SI1. Purpose. To evaluate the military potential of existing self-

conta ned land navigation sys+ems (four candidate systems) and to
provide data to aid in a determination of compliancy with requirements
documents.

2. Objectives.

a. Objective I - To compare the operational and performancecharacteristics ot the test systems.

b. Objective 2 - To provide data on the operator and maintenance
personnel training requirements to properly operate and maintain thesystems.

c. Objective 3 - To provide data on the logistical support and
human factors Implications associated with the systems.

.4 d. Objective 4 - To document any observed instance of incompat-
U • •_. ibility of the systems in the electromagnetic environment.

3. Background.

a. A document titled DA approved Nateziel Need (W for the
Poat,*,oning and Navigation System (PANS)) (short title: PANS-MN),
CDCMS-E, Headquarters, Depariment of the Army, 29 Nov 72, was developed
to define the total Army requirements for navigation systems for air and
ground forces, beth active and passive. The document states the pro-
jected requirements, a description of desired systems' accuracies, and
concepts of employment. The Project Manager, Navigation Control (PM,
NAVCON) Is responsible for management of all existing and planned tasks
being conducted to meet the ground, marine, and airborne requirements of
the Army for position locating and navigation.

b. The state-o4-the-art for passive land navigation systems has

developed to the extant required to support military operations. The
PM, NAVCON Is invest;gating various systems from US and foreign
manufacturers to determine their potential use by the US Army.
HQ, MASSTER is aiding In this investigation by performing evaluations on
the systems specified by the PM, NAVCON and approved for testing by the
Test Schedule anj Review Committee (TSARC).

A' Ii
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c. The Outline Test Plan (OTP) for the subject test listed four
candidate systems to be tested. The listed sys'rems Included the Acet-
ylene Gas Accumulator (AGA) (Swedish) ANS-l50K, Sperry-Gyro (United
Kingdom), AMBAC (France) System, and the Land Warfare Laboratory
(USALWL)/Westinghou.e (USA) Magnetic System. In addition, the Aviation
Electric, Limited (AEL), LNS-517 (Canadian) System was to be tested +o
detennine if modifications had been accomplished as suggested in Test
Report FM 194, Self-Contained Land Navigation Systems. Of the above
systems, only the manufacturers of the AGA (ANS-150K), and the
LWL/Westlnghouse (I.WL/WHS) system provided devices for testing at
MASSTER. The evaluation and tsting of these available systems were
conducted in the same manner as testing of the LNS-500 series during,
FM 194. This p.-ovides a dala base for comparison of all Self-Contained
Land Navigation Systems, tested at MASSTER to comply with test
objective I.

4. History,

a. Aviation Electric, Limited, Canada.

(I) The US Army tested the MAN/GAN, the mechanical version of a
magnetic and a gyro land navigation system, at Fort Carson, Colorado, In
the late 1960s. This system was developed by AEL, and the deficiencies
noted led to the .•evelopment of the LNS-500 sol id state series. The

LNS-500 series is composed of the Li S-516 (gyro system), the LNS-517
(gyro/magnetic system), and the LNS-518 (magnetic system). These systems
are less expensive and are of reduced weight and size when compared to
the original MAN/GANs.

(2) The Canadiarn Armed Forces purchased six of the LNS-517 systems
for engineer tests and troop evaluation tests. Two of these systems
were loaned to the United States on a Standardization Loan Agreement for
the calendar year 1973. When the systems arrived at Fort Hood for
testing (FM 194) during the period July to September 1973, i.t was noted
that the technical representative from AEL had also brought a north-
seeking gyro which provided the capability to operate the LNS-517 as an
LNS-516 (gyro sys'em). The LNS-516 is designed to operate in a tank,
and during the firs;t 2 weeks of the test period it was planned that an
M6OAI tank would be on the site for magnetic environment tests. The AEL
technical representae-ive agreed to mount the LNS-516 In this tank for
limited evaluation durling the time the tank was available.

b. Acetylene Gas Accumulator (AGA) Company.

(I) The AGA, ANS-IO0 was developed and accepted as a standard
navigation system in the Swedish Army. The ANS-IO contained only a
directional gyro and had no onboard north-seeking capability. Alignment
of the system was accomplished by optical sighting. The PANS-MN document
required a Self-Contained Land Navigation System with a self-alignment
capability; therefore, the ANS-1O0, as used by the Swedish Army, was not
satisfactory for US ArmV use.

2



(2) The AGA Corporation joined with Singer-Kearfott (a US firm
based in New Jersey; in an effort to Incorporate a single north-seeking/
directional gyro in the ANS-100. Their efforts produced the ANS-150K,
which was the system tested at Fort Hood during this test. The MNS-150K
is unique in that IT is a full gyro system, utilizing only one gyro tor
perform both northing alignment of the system and heading reference
during travel. Previous systems of this type used two gyros to perform
these functions.

c. USALWLiWestinghouse. USALWL developed a magnetic vehicle
navigation system (no gyros utilized) to determine if there is a less
expensive, minimum maintenance, small, compact vehicle system that could
meet the requiremen1r of the IANS-MN. The system was developed (for
concept testing only* by USALWL (in conjunction with Westinghouse of
Baltimore, Maryland) using the engineering concept of the AN/PSN-7 man-
pack land navigation system. An engineering model of the system, in a
breadboard configuralion, was made available fbr this test.

5. Equipment Description.

a. ANS-15CK. The ANS-150K is designed to operate in all types of
military tactica: vehicles, wheeled or tracked. The readout device
(navigator) contains a computer for calculation of the 8-digit
coordinates displayed on the readout device. Input to the computer is
provided in the form of distance traveled (measured from the vehicle
transmission) and heading of vehicle (determined from Singer-Kearfott
gyro). When the vehicle is stopped, the gyro functions as a north-
seeking gyro and performs the initial alignment of the system. When
the vehicle begins to move, the gyro goes into a directional gyro mode
of operation and p-ovides a continual direction of travel Input. This
information is a~so displayed on the readout device (navigator) on a
card type dial giving the operator an immediate reference to the direction
the vehicle is fecing. Controls and adjustments required for use by the
operator are loce•-ed on the readout device for easy access.

b. LWL/WHS Magnetic Vehicle Land Navigation System. The LWL/WHS
system is completely self-contained in one package which may be fastened
v- -trapped to any part of the vehicle on which It is used. The readout

tevice is handheld er may be attached to the operators' w6'f near. Since
the readout device is linked to the basic component or the system by one
cable, it may be used by any person in the vehicle (i.e., track commander,
driver, observer, cr unit commander). It may also be used inside or
outside the vehicle when the commander is riding with the hatch open.
The distance input to the system is taken from the vehicle transmission
and the direction of travel obtained from an externally mounted flux-

* .valve compass. A heading reference indicator is also provided to give
the vehicle driver or commander a continual display of the vehicle's
direction of travel. The only permanent mounting of components necessary
for the system to operate are the distance Input and the flux-valve
compass; therefore, tho system is easily removed and mounted In another
vehicle.



c. VCS-500, Onboard Magnetic Heading Reference Unit, AEL. The
VCS-500 was usi as a comparative device to the standard lensatic compass.
This device is an or.board heading reference system composed of a flux-
valve sensor ane compass card type readout. The compass may be installed
on the M113AI or MI5IA2 (or similar type vehicles) without major modifl-
cations to the vehicle. The readout provides an onboard, continuous
display of the vehiclets direction of travel either in reference to
magnetic heading or (when properly adjusted for the area of operations)
grid heading reference.

6. Test Description. The test was conducted in three phases on two test
sites and consisted .)f a total of four subtests. System vehicle config-
urations tested Inciuded the AGA and the LWL/WHS mounted In the MI13AI
armored personnel carrier and the M15IA2 (1/4-ton truck (jeep)).

a. Phase I, conducted at Fort Hood, Texas, consisted of equipment
inventory, installation, compensation and calibration, and training of
operators.

b. Phase II, also conducted at Fort Hood, Texas, consisted of

controlled accuracy tests and electromagnetic/magnetic environment tests
to determine the systems' capabilities under ideal conditions and in a
battlefield environment. This phase of testing consisted of a 3-kilometer,
straight and level calibration course; a I kilometer, straight line
course traversing a nagnetic north-south direction of travel with three
parallel courses 5, 10, and 15 meters from the primary course and two
closed loop accuracy courses (one rough and one level) approximately J

20 kilometers in 13ngth; and two open-end courses (one rough and one
level) approximaTely 25 kilometers in length.

c. Phase Ili, conducted in Sam Houston National Forest near
Huntsville, TexaE, consisted of simulated tactical operations requiring
the operator to traverse unknown terrain using the systems as navigation
aids in conjunction with a 1:24,000 topographic map. Using slightly
different aggressor activities and bypass route requirements, comparative
runs were conducted first with the land navigation system and then with
the map and compass o," AEL onbuard compass, VCS-500.

7. Test Results (Findings).

a. Phase I. (Pretest activities and subtest I consisted of system
inventory and preparation for testing and operator training.)

(I) The 40 nours of classroom training and practical exercises
provided the operators with the basic knowledge required to operate the
systems once the systens were compensated and calibrated. An additional
60 hours of field use was then required to integrate the navigation
system as an aid to navigation with the topographic map.
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(2) The systems received for testing were not production models.
The LWL/WHS systen was an engineering test model containing many "hard
wired, breadboara modules." Failure of these modules resulted In many
hours of downtime (i.e., resoldering broken wires or replacement of
wires). The AQA, ANS-150K had an extra electronic box that will not be
required on the production model which contained the Interface circuitry
for the Singer-Kearfott gyro. This circuitry was added to the Swedish
ANS-1O0 to produce the ANS-150K. The circuitry In this box will be

Srepackaged In the baýe of the gyro in a production model.

(3) No major mwdifications were required to be performed on the
test vehicles to mount the navigation systems tested.

b. Phase 1,. (Subtest. II and IlI consisted of calibration,
electromagnetic and magnetic, electronic warfare, and accuracy testing.)

(I) Calibration.

(a) Calibration controls on both the systems tested were riot
adequate for operator use. Dials, although configured with reference
marks or numbers, had no correlation to specific amounts of aejustment
for given situations or correction of errors. All calibration (and
compensation of the LWL/WHS system) was accomplished by the technical
representatives.

(b) Once the systems were compensated and/or calibrated, a check
was performed eac*, morning and evening priur to and after testing to
insure the setti.1gs were still valid. The LWL system required continual
recompensation o-' the compass throughout the test. The ANS-150K main-
tained iHs calibration settings from day to day with only minor varia-
tions caused by a change in tire pressure or change of tires on the
wheeled vehicle. Once the gyro was aligned on the center axis of the
test vehicle during iritial installation, no further adjustments were
required.

(2) Electromagne.tic Environment. The radio frequency interference
(RFI) and elecironic warfare (EW) environment created by radios and
radio jamming devic3s had no affect on the operation of the ANS-150K.
No specific electronic signature was detected by EW sensing equipment.
Radios (when transmitting) on the test vehicle trapped the flux-valve
compass on the LWL!WHS system and caused a false heading input to the
computer. The compass was not affected when the system was operated in
the vicinity (5 to 15 meters) of another transmitting radio.

(3) Magnetic Env;ronment. The introduction of a magnetic environ-
ment did not affect th,. operational characterist~cs of the ANS-15OK.
The LWL/WHS system was affected on some runs when conducted In a change
of magnetic environment (operating hub-to-hub or within 5 to 15 meters
of an M60A2) yet was aot affected on others. Problems with the compass
compensation during this phase of testing resulted In inconclusive data
for this portion of the test.

5



(4) Accuracy.

(a) The AGA, ANS-150K mounted in the MII3AI had a maximum miss
distance of 50 maters over the closed loop level accuracy course,
60 meters for th.a closed loop rough course, 60 meters for the open end
level course, and 120 meters for the open end rough course. The error
at the end of these courses (approximately 19 to 27 kilometers long)
ranged from 0.13 percent to 0.5 percent error for distance traveled.

(b) When mounted in the MI5IA2, the maximum miss distances for the
AGA, ANS-150K were 103 meters on the closed loop level accuracy course,
65 meters for the closed loop level course, 80 meters for the open end
level course, and 120 meters toi the open end rough course. The errors
notea at the end of the various courses ranged from 0 percent to
0.4 percent error for distance traveled.

(c) The maximum miss distance for the AGA system for all vehicle
configurations traversing the various accuracy courses was 35 to 50 meters
for the closed loop level course, 45 to 75 meters for the closed loop
rough course, 60 meters for the open end level course, and 120 meters
for the open end rough course.

(d) Based on all accuracy data collected on the AGA, ANS-150K for
all vehicle configurailons, courses, and terrain, the maximum miss
distance expected is 40 meters after 28 kilometers of travel which
reflects an approximate percent error for distance traveled of 0.18
percent (fig I). 'See appendix A for methodology.)

(e) The LWL/v'HS d;d not achieve the design accuracies due to
continued problems with the breadboard modules, resulting in the inability
to maintain compensation of the flux-valve compass. Results achieved
during runs when these problems were experienced showed maximum miss
distances from 500 to 730 meters, representing a 3 to 5 percent error for
distanced traveled.

Mf) During some cccuracy test runs, stable compensation of the A
LWL/WHS compass was achieved. This occurred on the closed loop rough
course with the system mounted in the MII3AI. The maximum miss distance
during these runs was 250 meters after 19 k.lometers of travel, reflect-
ing a 1.5 percent error for distance traveled. The average maximum
miss distance (occurring at the course finish point) wat 175 meters,
reflecting a 0.9 percent error for distance traveled. Throughout the
test period, isolated runs reflected acceptable accuracies with miss
distances ranging from !0 to 190 meters. Errors at the end of these
courses ranged from 0.M oercent to 0.75 percent error for distance
traveled.

(g) Throughout the testing, the LWL/WHS system displayed a high
degree of repeatability. Even though the system was reflecling miss
distances in excess o" 500 meters, repeated runs over the same course

6
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reflected coordinate ,eadouts taken at the same data point were within
+50 to 100 meters of each other.

(h) Considering aZl runs conducted by the LWL/WHS system, the expected
accuracy of the system ranges from 50 meters after 2 kilometers of
travel to 500 meters after 28 kilometers of travel. The engineer test
model's expected percent error after 28 kilometers is 1.75 percent error
for distance traveled (fig 2).

c. Phase II;. (Subtest IV consisted of simulated tactical opera-
tions.)

(I) Operators' comments ard observations by tesi ':ontrol personnel
reflected that the navigation systems did not serve as an aid to navi-
gation until each operator developed confidence in the system. By
continued practical ao;plication, the operators were assured the system
could provide relatively accurate position fixing (8-digit UTM coor-
dinates) and navigation Information (direction of travel).

(2) Similar observations indicated that, once the operators had
;ained confidence in the systems and learned to use them in conjunction
with a topographic map, they were able to negotiate the courses and
complete their missions better than with the aid of P map and compass
only.

(3) Although navigation system operators did at times become
disoriented when traversing cross-country, they could plot their loca-
tions on the map from the system readout. Additional ly, they could
obtain a relatively accurate position, determine the course required to
get back to their checkpoint, and use the system to insure that they
were traveling in the proper direction. These functions could be per-
formed even with limited visibility, in dense undergrowth, restricted
line-of-sight, or In the absence of prominent geographic features that
could be used for navigational purposes.

(4. In comparison, operators with map and compass only (in similar
circumstances as in (3) above) found themselves traveling In circles,
retracing their previoui course, or traveling many kilometers off course
before being able to definitely locate themselves and return to the
prescribed course.

(5) Operators uwing the AGA, ANS-150K as a navigation aid produced
the best resul ts during this phase of testing. They were consistently
closer on reported position locations, aggressor locations, and more
effective in performing their mission than those operators using other
navigation aids. Operators using the VCS-500, onboard compass, were
second best in these areas, and the map and lensatic compass and
LWL/WHS system produced the least results. The results obtained from
the LWL/WHS system produced greater errors due to the problems with
compensation and caiibration.

8
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(6) During th~s phase of testing, the ANS-150K operator was never
more than 500 meters in error during the day or 1,000 meters in error at
night. Operators using the map and lensatic compass reported 6 percent
of their locations or aggressor locations with an error of 1,000 meters
or more during The day and 10 percent at night. Additionally, the VCS-500,
onboard compass, never was in error more than 1,000 meters during day or
night operation-i.

(7) All the operators stated that they were able to devote more
time to the performance of their mission with the aid of a navigation
system and have the confidence that they could obtain a position fix in
less time, with better accuracy, than when conducting comparative runs
with the map and lensatic ot ohboard compass only. When using the map
and lensatic or cnbo3rd compass only, they had to devote their full
attention to navigation in order to assure themselves that they could
provide an accurate position fix or aggressor location when required.
This distracted trom the performance of their mission.

8. Human Factors. The primary human factors faults found with the.

ANS-150K and LWL7WHS system were as follows:

(I) ANS-150K.

(a) The inner card dial for 0.10 readout on the compass readout
display confused the operators.

(b) The lack of the letters N, E, S, and W at the appropriate
degrees on the cownpass card dial made it more difficult for the operator
to rapidly oriert himself with his map or relate direction to the
terrain.

(c) The initial (start) coordinates are set on the system by the
operator with a two-speed, manually operated toggle switch. The slow
speed position was still too fast to enable the operator to set the
coordinates without oiershooting the desired setting.

(d) The operators had difficulty observing the readout device
in the M15IA2. The face of the readout device was horizontal rather
than mounted at ato angle facing toward the operator,

(2) LWL/WHS system:

(a) Calibration controls for d~stance adjustment would be more
convenient if placed on the handset.

(b) A bracket cculd be devised for the handset so that it could be
affixed to the vehicle when not in use.

10



(3) General operator comments included the suggestion that a
course to steer "ndicator on the compass readout dial of any navigation
system considered by the Army would enhance cross-country navigation.
(This was provided on the LWL/WHS system.)

9. Logistics.

a. The AGA, ANS-150K and LWL/WHS systems developed no maintenance
problems that could not be repaired in the field with common electronic
repair tools.

b. The commor problems associated with the ANS-150K were electrical
cable connectors vorking loose and waterproof seals leaking and allowing A
moisture into the electronics of the system.

c. The LWL/OVHS system experienced continual problems with.the
hard wired breadboard modules. This resulted in problems with maintain-
ing calibration and ccNpensation adjustments.

d. Both systems are designed to be based on printed circuit cards
that could be (and were) tested and replaced in the field with repair of
the card conducted at higher level maintenance facilities.

e. Percentage of downtime (hands-on maintenance time) for the
( - systems tested was as follows:

(I) ANS-150K - 3.1 percent.

(2) LWL/WHS - 12 percent.

10. Conclusions.

a. Self-containec, passive vehicle navigation systems, as represented
by the LNS-500 series 'MASSTER Test Report FM 194, dated 15 Jan 74), and
the ANS-150K are eftective navigation aids in that they significantly
reduce the time required for navigation and greatly improve the user's
navigation and position fixing capabilities when compared to the use of
the lensatic compass in conjunction with a topographic map alone.

b. The ANS-I410K is a viable candidate to aid in fulfilling Army
requirements for self-contained vehicle navigation systems as specified
in the PANS-MN.

c. Although the eogineer test model of the LWL/WHS navigation
system provided for this test did not meet the accuracy requirements
stated in the PANS-MN, ft did demonstrate potential as a candidate to
aid in fulfilling Armf requirements for a navigation system to be
mounted in the MII3AI and M151A2 or similar type vehicle.

II
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d. There is no noticeable effect on the accuracy of the ANS-150K
navigation system when subjected to RFI or EW electromagnetic or magnetic
3nv i ronment.

e. The LWL/WHS system accuracy is affected by close proximity
electromagnetic environment. Testing conducted as to the affect on
accuracy in a magne'Ic environment was not conclusive.

f. Forty hcurs of classroom and field training are adequate for
basic training on the navigation systems; however, approximately
60 additional hours of field use are required to develop operator
confidence and skills which will enable him to take full advantage of
the system's navigation and position fixing capabilities.

g. Based on the subjective evaluations by the test officer and test
control personnel, it appears that self-contained navigation systems
could be repaired (component and printed circuit card replacement) in the
field by signal maintenance units.

h. The LWL/WHS navigation system could not be evaluated as to i '

reliability in that a production system was not available for test
purposes; however, such a system, when in final configuration, could be
maintained withl. battalion and higher signal equipment repair channels
with a minimum of additional training of TOE signal equipment repair
personnel.

i. The VCS-500, onboard compass provides a convenience to the vehicle
commander in that he does not have to stop periodically and dismount from
his vehicle to obtain a heading reference as Is required with the lensatic
compass. The use of the onboard compass also aids the vehicle commander
to reduce time and imDrove his efficiency when navigating cross country,
determining his location, and providing a position fix on aggressor loca-
tions. However, to produce these results, the operator is required to
devote his full tine referring to his map, which distracts from the
accomplishment of his primary mission. In comparison (with the aid of
a navigation system), he only needs to make occasional reference to his
map in conjunction with the navigation system readout to determine his
current position.

I1. R6commendations.

a. That self-co:,tained vehicle land navigation systems be Included
in the Army Inventory io fulfill the Army's requirements for such systems
as defined in the PANM-MN document.

IL
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b. That two •'pes of self-contained vehicle land navigation systems
be considered for adoption:

(I) A system designed for use in heavily armored or highly magnet-
ized vehicles (i.e., tanks, selt-propelled artillery, and reconnaissance
scoui vehicles), [hat utilize a single gyro for northing and heading
reference.

(2) A magnetic system for soft or lightly armored or nonmagnetic
vehicles that utilize only a flux-valve compass (or equivalent) for
heading reference input.

c. That the g'yo and magnetic systems be composed of Interchange-
able components.

d. That an onboard compass (equal to those tested; I.e., Sperry-
Rand Remote Magnetic Heading Reference System, and Aviation Electric
Limited, VCS-500) be considered as a candidate for use on soft or
lightly armored vehicles, and that the PANS-MN should be reviewed and
updated to include a requirement for an onboard compass.

13
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SELF-CONTAINED VEHICLE LAND NAVIGATION SYSTEMS (V-NAV) TEST II REPORT
(Test Number FM 237)

CHAPTER I

GENERAL

I-I. Purpose. To evaluate the military potential of existing self-
contained land navigetion systems (four candidate systems) and to provide
data to aid in determination of compliancy with the requirements documents.

1-2. Objectives.

a. Objective I - To compare the operational and performance
characteristics of the test systems.

b. Objective 2 - To provide data on operator and maintenance
personnel training requirements to properly operate and maintain the
systems.

c. Objective 3 .- To provide data on the logistical support and human

factors implications associated with the systems.

d. Objective 4 - To document any observed instance of incompatibility
of the systems in the electromagnetic environment.

1-3. Background.

a. Authority. The Self-Contained Land Navigation Systems Test was
authorized by letter, DAFD, subject: Department of the Army Five Year
Test Program (FY 1974-1978), 25 July 1973.

b. History.

(I) The Positioniny and Navigation System - Materiel Need (PANS-MN)
document was developed to define the total Army requirements for navigation
systems for air and ground forces, both active and passive type systems.
The document states the projected requirements, description of desired
systems and accuracies, and concepts of employment. The Project Manager,
Navigation Control (PW, NAVCON) is responsible for management of all
existing and planned t3sks being conducted to meet the ground, marine,
and airborne requiremeits of the Army for position locating and navigation.

(2) The state-o, -the-art of self-contained, passive vehicle land
navigation systems has been developed to the extent required to feasibly
support military operations. Several foreign armies have already incorpor-
ated these systems into their inventory. To determine their potential for

14
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US Army use, MASSTER Is evaluating systems selected by PM, NAVCON and

au•horized for testlg by the Test Schedule and Review Committee (TSARC).

(3) Aviation E!ectric, Limited (AEL) of Canada developed mechanical
Uinavigation systems (called the MAN/GAN systems) which were tested by the
US Army at Fort Carson, Colorado, in the late sixties. The MAN was a

magnetic system and the GAN a full gyro system. The deficiencies noted
in these tests ted to the development of the solid state LNS-500 series,
which contains the LNS-516 (full gyro system), LNS-517 (flux-valve
compass slaved to a directional gyro), and LNS-518 (full magnetic
system). These systems are imnroved, less expensive, and of reduced
weight and size as compared to the original MAN/GAN's. The LNS-500
series was one of the famil, of systems that was selected by PM, NAVCON
and tested by MASSTEF during test FM 194, from July to September 1973.
Testing by the Canadian Army Included a I year evaluation followed by an
additional 6 months of laboratory testing. The Canad;an Ar,,ed Forces
has purchased six of the LNS-517s for field trials (user evaluation)
currently being conducted at Petawawa, Canada by the Canadian 8th Hussars
(Armored Recon).

(4) US Army Land Warfare Laboratory (USALWL), in conjunction with
Westinghouse, developed a compact, inexpensive macnetic vehicle naviga-
tion system for, use or, lightly armored vehicles (wheeled or tracked) and
the wheeled vehicles ,ised in the tactical unit (e.g., 1/4-ton truck).
"This system is based c-n the same engineering principles of the AN/PSN-7
Man-Pack Land Navigat:on System previously tested at MASSTER (Test 118).
Two devices were received for this test, each being engineer test models
containing approximately 50 percent breadboard modules (hard wired
rather than printed circuits). The system was submitted by USALWL for
concept testing.

(5) Acetylene Gas Accumulator (AGA) Corporation of Sweden provided
an ANS-150K, full-gyro, land navigation system for testing. This system
was a modified version of the ANS-I0 Navigation System, manufactured by
AGA, and currently useJ in the Swedish Army. The ANS-100 does not have
a self-alignment featu.-e (onboard north-see!ing capability) and there-
fore requires optical .lignment of the vehicle in order to place the
proper heading referencze in the system prior to operation. The ANS-150K
contains a Singer-Kear'ott gyro which Is capable of providing a northing
reference to give tho system its Inlial alignment; It acts as a heading
reference (directioral gyro) once the system is placed in "navigate."
The unique feature of this system Is that one gyro performs the functions
of two gyros on similar type systems. The system received for testing
was a modified ANS1 00 and not of production quality.

"* - 15
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(6) Although PM, NAVCON envisioned that Sperry-Gyro of the United
Kingdom and AMBAC or France would also have systems represented in this
test, they did not respond to the invitation .o bid. This test was
conducted because oi the lack of response to MASSTER Test FM 194 which
was conducted from .July to September 1973 (only AEL participated with
the LNS-516, -517, and -518). Therefore, to comply with objective I, both
test reports must be considered to properly compare the various systems
tested.

(7) Also evaluated during this test was the VCS-500, onboard
magnetic compass, manufactured by AEL. This compass was developed for
use on wheeled or tracked vehicles (lightly armored). By adding compo-
nents such as a distance input, computer, and readout device, the com-
pass can become the iheading reference unit for a magnetic navigation
system, The compass was obtained by an unsolicited proposal from AEL.
It was used during th~is test as a comparative device with the standard
lensatic compass for use when navigating In wheeled or tracked vehicles.

c. General aescription.

(I) AGA, ANS-15OK. The basic system Is comprised of an AGA
navigator (readout device)/computer (ANS-0O)) separate pulse (distance)
generator, a north seeking gyro/directional and a power supply unit
(fig I-1). The navig3tion system presents the vehicle's position to the
nearest 10 meters in the form of map references (8-digit UTM coordinates)
on two 4-digit counte-s - one for north-south travel and one for east-
west travel. Each cointer is initially set or adjusted to the desired
figure (start coordinates) by means of springloaded toggle switches.
These are operated oy a two-hand operation to avoid unintentional chang-
ing. The navigator aiso presents the heading on a servodrien indicator
with separate coa-se and fine scales that can be graduated with any
desired system: 3600, 6,400 mils, etc. A mode selector and controls
for latitude correction are grouped on the navigator panel, together
with trimming controls for gyro drift and distance correction. The
controls are accessible through a covered opening. The system also
contains the circuitry required for computing the position, using the
information received trom the pulse generator (distance) and the gyro
(heading). The calculations are made electronically without any mech-
anical components. Irtegrated circuits are used to a large extent. The
illumination of the position counters, the heading indicator, etc., can
be controlled by a separate knob.

(2) LWL/WHS. The LWL/WHS Navigation System is fully magnetic (no
gyros for northin(, alignment or heading reference), utilizing a horizon-
tally compensated *lux-valve compass (fig 1-2).
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(a) The system is comprised of five components:

I. The flux-valv3 compass. (A pendulously-mounted, flux-valve
detecTor, responsive 1o the local direction of the earth's magnetic
field whose reading iz expressed as an electrical signal which can be
processed and used by the associated navigation processor (computer).)
A compensating co~l is incorporated into the unit which renders the
flux-valve insens;tive to the horizontal magnetic field of the carrier
vehicle.

.. Distance pulse generator. (This generator senses the distance
the vehicle travels by electronically measuring the revolutions per
iiminule of the vehicie;, transmis-lon.)

Heading repea-*er (dibplay) unit. (This unit provides a compass
type readout of the ve-Ocle's direction of travel.)

4. Processor. (A computer which converts distance traveled and
he-iding to 8-digit ITM coordinates.)

5. Handset (-eadout device). (This device gives a digital readout
of d-diait UTM coordinates.)

(b) The distance pulse generator senses the vehicle's distance
traveled from the rpm cf the vehicle transmission while the direction of
travel is determined bý the flux-valve compass. These two data elements
are transmitted electronically to the processor where the northing and
easting coordinates are determined. The coordinates are then transmitted
to the handset and displayed as 8-digit UTM coordinates. Also included
on she handset are those controls necessary to set start coordinates,
turn the system on, ,ind calibrate the distance input. The handset may
be handheld, fastened to the operator's web gear, or affixed to the
vehicle. It is co'cnected to the processor by a 6-foot spiral cable.
A heading repeater tdisplay) unit may be mounted as optional equipment in
the driver's compartment of a vehicle to provide him with a continuous
display of the vehic!e's direction of travel. This device also provides
a means to set a desired "course to steer" to aid the driver in keeping
trhe vehicle traveling a desired direction when proceeding cross country.
The only portions of th': system that must be firmly affixed to The
vehicle are the flux-vawve compass and distance pulse generator. All
other components may be strapped down to the vehicle by temporary restraints.

(3) VCS-500. In addition to the AGA and LWL/WHS systems tested,
in Aviation Electric, Limited, onboard magnetic compass, VCS-500, was
jIso evaluated (fic 1-3) as a comparative device with the lensatic

compass. This device is completely self-contained, solid state, designed
to provide a continLous vehicle heading reference in all classes of

19
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military vehicles. The system is composed of two components: a heading
reference indicator (compass display), mounted near the vehicle commander

ir triver, and a flux-valve compass. The compass display provides a
(JeIindliorI conTrol which enables the main dial to be set to read head-
ing either in terms of magnetic north or grid north. The system can be
applied to practically all types of military vehicles with the provision
that those equipped with large turreted weapons may require +he guns to
be placed in the same position (vertically and horizontally) as when the
system was compensatei to insure accurate heading readings. The VCS-500
was obtained by an ur:nsolicited proposal from AEL.

d. lechnical characteristics.

(1) AGA, ANS-150K
Overall system accurac' - 0.5 percent of distance traveled

+ 10 meters or better
G/ro drift rate - U.25*/hour
Computer accuracy - 0.2 percent
Resolution: Pos.tion - 5 meters

Hea••ing - I mil
remperature range with full - -400 to +500 C
performance

Vibration - Designed to withstand any vibration
that may arise in vehicle operation

Power supply - 11-35 volts direct current
Power consumplion - 55 watts direct current (85 watts

first 60 seconds)

ri.:c and weikli.
Naviqator - lOx8x4 in 10.1 lb
Pulse generator - 3xl.5xl.5 in 0.7 lb
Gyro compass - 10 1.25x9xlO in 10.0 lbPower supply unit - 8xlOx4.5 in 15.5 lb

(2) LWL/WHS Magnetic Vehicle Land Navigator.

Calibration - Self-contained, semiautomatic

Size and weioht.
Processor - 12xlOx6 in 15.0 lb
Readout - 3x4xl.3 in 2.0 lb
Compass housir.g - 3x5x4xl.3 in 2.5 lb
Fo-iding indicator - 4x5x7 in 14.5 lb
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Power requirements.
Consumpticn - 3 watts nominal
Type - Gel/cel rechargeable batteries
Battery I'fe - 8 hours continuous (16-hour

recharge time)
Accuracy - 2.5 percent of distance traveled
Readout - Right and up, 8-digit UTM

coordinates, 10 meters resolution

(3) VCS-500, /EL.

Dial diameter - 3 inches
Dial calibration - degrees or mils
Calibratior interval - every 50 or every 80 mils
Accuracy - +2° or +36 mils
North refercnce - Magnetic north or grid north

selectable by operator
Declination control - 0-300 (0-533 mils) east or wesT
Power ON contro; - External (vehicle switch)
Lighting - Red lighting standard, white optional
Lighting controe - External (vehicle light switch)
Size - 4.25xA.25x7 in deep
Weight - 5 lb
Power (direct current) - 12 watts @24 volts direct current

nominal

. Concepi of employment. The vehicle land navigators are designed
as an aid to conventional navigation methods. These systems will provide
a vehicle commander or driver with continuous realtime positioning
information to facilitate accurate navigation and to provide more accu-
rate positioning infcrmation than is currently available using only a
map and compass. They are designed to provide this capability during
all weather conditions, in all types of terrain, in conditions of near-
zero visibility, and in unfamiliar or unmapped terrain. The information
obtained from this aevice could greatly increase the unit commander's
c.opabilities in the areas of command and control, reconnaissance, medical
evacuation, determ'ning friendly unit locations, target acquisition, 2

intelligence repo-ting, and more accurate and improved fire support.
The device is ap!:licable to all combat units, as well as combat supp(ort
units whose mission requires navigation and position fixing using a
topo(;rd::,hic map.

1-4. Concept of Test.

a. lest design. Testing was conducted over various types of
terrain to determine 'he military potential of the vehicle land navi-
(lators. [he systems ,,ere tested in vehicles recommended by the manu-
f.octuror which includea -the MII3AI armored personnel carrier and MI51A?,
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1/4-ton truck (jeep). Though not tested during this test, the ANS-150K L
is designed to operate in armored vehicles (i.e., M6OAI or M60A2 tank).

S(1) The test wes conducted in three phases:

(a) Phase I - !nventory, Installation, and Training (pretest
activities and subtest I).

I. Subtest 11 - Calibration, Electromagnetic, and Magnetic

Environment.

2. Subtest III System Accuracy.

(c) Phase III - Tactical Operations, Subtest IV - Tactical
Applications.

(2) Phases I and II were conducted at Fort Hood, Texas, while
phase III was conCdicted in Sam Houston National Forest near
Huntsville, Texas. Two operatort asre trained for each system tested
(AGA, LWL, and the VCS-500) and alternately operated the system through-
out the test. This provided additional data concerning the man and
machine interface ot rhe various systems. Comparative data were obtained
by the operators condicting selected portions of the test using only
maps and lensatic handheld compasses. A total of 7 weeks was required
for the test: I week of training, 3 weeks for phase II, and 3 weeks for
phase III. The total number of iterations conducted during each subtest
is depicted in figure 1-4.

b. Environmental conditions. During the field testing at
Fort Hood, there were no environmental conditions that hampered the
speed or conduct of testing. Although occasional showers were expe-
rienced at Sam HouSton National Forest, the conditions did not affect
the testing or its schedule. All planned testing was completed. j

(i) Fort Hood. I
(ai The weather was sunny and clear with temperatures ranging from.

68' 'o 96' and humidit' readings of 26 to 99 percent. Only a slight
trace of rain was experienced during this phase of testing.

(b) The terrain varied from flat to slopes of 250 with light to
heavy vegetation. figure 1-5 shows the various courses used for J
subtests II and II and the terrain that was traversed.
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ANS-15OK LWL/WHS M/VCS-500 Map/Compass

Subtest II

Calibration and cali-
bration verification 127 162 - -

Electromagnetic 18 28 - -

Magnetic 12 26 - -

SUBTOTAL 157 216

Subtest III

Closed level 23 8 -1
Closed rough 16 10 - 2
Open level 16 6 - --

Open rough 16 II - 12

SUBTOTAL 71 35 15

Subtest IV

Day 14 21 14 28.
Ni ght 10 18 10 20

SUBTOTAL 24 39 24 48

TOTAL 252 290 24 63

Figure 1-4. total number of runs conducted during test period.
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(2) Sam Houston iNational Forest.

(a) Light sho.qers were experienced over scattered areas of the test
courses; however, the weather was mostly sunny and clear. Temperatures
ranged from 67* to 94*, and the humidity ranged from 35 to 97 percent.

(b) The torrain was gently rolling, with a few slopes in excess of
30*. Vegetation consisted of double canopy with dense undergrowth
approximately 4 to 8 feet tall. Road conditions varied from hard surface
to improved dirt roads, logging trails, and abandoned trails.

Ij
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CHAPTER 2

DETAILS OF TEST

Section I. SUBTEST I - INSPECTION AND INVENTORY

"2-I. Purpose. To d3termine if the vehicle land navigation systems
received for test purposes were complete, operational, and free of
defects and damage.

2-2. Methodology. Upon arrival of the systems at MASSTER, a complete
inventory was conducted by a representative of Deputy Chief of Staff,
Logistics in the presence of iih-ý manufacturer's representative and the
test officer's representative. Upon completion of the inventory, the
systems were mounted in the ,est vehicles by the manufacturer's repre-
sentative and made operational.

a. Compensation (magnetic systems only;. This adjustment corrects
ihe effects of the magnetic signature of the vehicle to prevent inter-
ference with the operation of The northing reference magnetic sensor.
This requires a special compensation instrument. This instrument is not
considered a component of each individual system, but would be found at
the level of maintenar.ce designated to install the system. Once the
system is compensated, no further consideration need be given to compen-
sation unless the system is removed and installed on another vehicle or
the nor-thing refere ice magnetic sensor is replaced. The current method
of compensation requires a compass rose (or device to determine the true
heading of "'. ve.:icle at time of compensation adjustments) and some
algebraic outations for the settings on some systems. Compensation
of the vart .5 ystems ranged from 15 to 60 minutes.

D. Calibralion. This adjustment consists of two settings; one for
distance and one for hp.ading. These two input adjustments are required
on all UTM coordinate readout type navigalion systems.

(I) The heading adjustment is required to align the northing
sensor with the vehic;e's actual direction of travel. This adjustment
refines the heading input to an accurate heading reference within the I
limits of !he system.

(2) lhe dislance input is adjusted for the. specific vehicle trans-
mission on which the system is mounted. This takes itito account the
variables that could cause the same system to measure slightly different
from one vehicle to ancther (e.g., variance in wear on transmissions,
iire or track wear, or -Any other variance that could cause a variation
in rpm of the Iransmission at a fixed speed).
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(5) Once The syslems are compensated and calibrated, the only
operational adjustment required is to "update" or "realign" the gyro
periodically to compensate for gyro drift. The operator may also
correct the system when errors are developed !n the UTM readout by
resetting the 8-digit coordinates at known geographical features he can
identify on his map. Realignment of the Singer-Kearfott gyro, a component
of the ANS-150K, requires approximately 15 minutes. If the true heading
of the vehicle is kn3wn, this can be manually set and the alignment time
reduced to 90 seconds.

?-3. Results (rindings).

a. All rna+erial items which comprised the ANS-150K, LWL/WHS, and
VOS-500 were received wit1hout damage. The basic systems were mounted in
tne test vehicles tM!I3AI), compensated, calibrated, underwent a pre-
operational and operaýtional check, and were declared ready for testing

by the manufacturer'- representatives (technical representives).

). The ANS-15CK and LWL/WHS system were not production models.
The AIJS-150K was a modified version of the Swedish ANS-IO0. This modi-
fication was comprised of the replacement of the ANS-IO0 directional
iyro being replaced by a Singer-Kearfott north-seeking/directional gyro.
Tee interface fcr this new gyro required additional electronic circuitry
whiih wus contained in an additional package (ACE Box) not planned to be
part of the fina! production model. The LWL/WHS system was an engineer
-it e model aeveloped from the man-pack AN/PSN-5 (predecessor of the

AN/PSh-7) and adapted for vehicle use. This system contained several
"hlid wired" breadboard modules. The:p ;nodules would be printed circuits
in the production model.

2-4. Analysis of Reýalts (Find;ngs).

a. All systens received were fully operational and ready to begin
subtost 11.

b. The ANS-<50K and LWL/WHS systems would require further en-
gineering and modification prior to introduction in the field on a
product-ion level.

Section II. SUCAEST II - CALIBRATION, ELECTROMAGNETIC, AND
MAG-NETIC ENVIRONMENT

2-5. Purpose. To calibrate the equipment for testing and determine the
effect of the clectromagnetic and magnetic environment on the systems.

2-6. Methodology. [he subtest was conducted in four phases over two
cours•s.
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j. Phase A - calibration. A 3,000 meter, surveyed, straight-
line course was traversed by each of the systems to be tested. During
the first 3,000-metpr run, the system was calibrated for distance and
heading. Once the calibration was set, the vehicle returned to the
Jartr Point to veri-y the calibration setting. These procedures were

performed a minimufrn of three times by each system (i.e., navigation
systern/vehicle configuration) to be tested. A compass rose was also
provided for flux-valve compass alignment and verification of align-
ment.

b. Phase 3 - verification of calibration. Each system again
traversed the cdlibration course without making additional calibrationadjustments to verify the previously determined calibration setting.

The coordinate readout was reset ai each end of the 3,000-meter course
to the actual UTM coordinates. Each system traversed the course a
minimum of three times. The readout was recorded by the data collector
at the end of each 3,000-meter leg prior to resetting the system to
the surveyed coordinates.

c. Phase C - electromagnetic environment. A 1,000-meter, straight
and level primary course was established on a magnetic north/south
alignment with thýree parallel courses at 5, 10, and 15 meters from the

primary course. One run on this course consisted of two 1,000-meter
legs. The operator reset the coordinate readout to the surveyed coor-
dinate at the end of each 1,000-meter iteration. Prior to resetting
the t-oordinate readout, the data collector recorded the system readout.
During e.zh iteration the vehicle proceeded 1,000 meters to the check-
point, the coordinate readout was recorded, readout was reset to the
actuul surveyed coordinates as directed by tesi control headquarters,
and the vehicle returned to the start point where the readout was
again recorded by the data collector.

(I) The first runs were used to determine baseline data that
reflected the inherent inaccuracies of the systems. Each system con-
ducted a minimum of three runs for baseline data.

(2) Upon completion of the baseline data runs, the vehicle then
made a series of runs wvith their onboard radios transmitting continously
to determine the effect of the electromagnetic environment on the system's 2
accuracy and operatio.i-l characteristics.

(3) The next series o' runs was conducled with an M60A2 tank
operating hub-to-hi'b with the test vehicle as it proceeded along the
1,000-meter course with its radio continuously transmilting.

(4) Subsequent runs were conducted as described in (3) above with
the tank operating 5, 10, and 15 meters from the test vehicle or until
no further affect was rated.
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(5) All runs v:ere conducted with the systems mounted in the
MIl3AI, armored personnel carrier and then the MI51A2, 1/4-ton truck
(jeep).

(6) The Eiectronic Warfare Division, Combat Support Directorate,
MASSrER, with assistance of an Air Force electronic warfare (EW) team,
conducted SIGINT tests on the AGA, ANS-150K. Based on their results, an
ASA ejmr then conaucted further testing to determine the possible use and
effect of electronik countermeasures on self-contained land navigation
systerv,. The resuiTs of these tests are included in a separate classified
report prepared by the Air Force and has received the same distribution
is this test report. A copy ,s on file with the Special Programs Division,
Cumbat Service Support and Special Programs Directorate, MASSTER.

d. Phase D - magnetic environment. This phase was conducted on the
".um1 course as phase C using the same test procedures as described above.

(I) An external mrjnetic effect was tested by operating the M60A2
tank adjacent to the test vehicle at varying distances similar to the
orocedures describea in c(3) and (4) above.

(2) Internal magnetic load effects were tested by placing linked
ammunition, smoke grenades, and weapons inside the MII3AI and M151A2
with LvIL/WHS and ANS-150K. Procedures for testing were as described in
c(3 and (4) above

(3) The MI!A2 system configuration was tested for magnetic
effect',, as above, by loading a trailer with a 1,427-pound metallic
carqo composed o; linked ammunition and smoke grenades and towed behind
tne test vehicle. Additional runs with the ANS-150K were also conducted
on a closed loop level course approximately 25 kilometers in length.

The LWL/WHS system was tested by placing a 1,000-pound load of
.Yere,. and ammunition in the back of the M151A2 test vehicle.

2-7. Results (Findin-J).

Js. During pnases A and 2, calibration and verification of calibra-
lion, the cystem operators experienced difficulties in accomplishing the
required function: on both the ANS-150K and the LWL/WHS systems.

(I) ANA, AN -15'OK. Although the 3djustments for heading and
ditance were located on the readout device, aclual use of these for
; Ilibt jtion purpose5 was difficult for the operator. The markings on

tie diils were not rouresenlative of any particular adjustment nor were
they linear (i.e., on-- mark on the dial may represent a I-meter adjusi-
meni at I kilometer of travel but may be only 1.5 meters at 2 kilometers
of travel). Therefu'e, adjustment bcrame a hit-or-miss proposition
which required several runs c" a trial-and-error basis to complete any
cal ibration adjustment.
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(2) LWL/W11S. The engineering test model provided for thJs test
did not have prcvisions for operator adjustment. To properly calibrate
the •y~.eri, special lest equipment had to be attached. Adjustments were
then made by udjustment of voltage levels. All calibration was accom-
plished by the Westirghouse technical representative. After the calibra-
lion was se-,', many problems were experienced in maintaining the setting.
The calibration settings would chinge from one day to the next or from
morning to afternoon.

b. The LWL/WLJS system was inoperative during most of this phase
of testing. Many problems were encountered with the hard wired,
breadbourd modul,!s because of le vibration of the test vehicle.
Due to th9 extenE;ve downtir"', some phases of electromagnetic testing
did not reach th'.. density of iterations planned, and sone of the data
were inconclusive.

c. The verification of calibration, magnetic and electromagnetic

test results of this .ubtest are portrayed graphically in appendix A.

2-8. Analysis of Results (Findings).

a. Verification of calibration.

(I) The AGA, ANS-150K was mounted in the MII3AI and M151A2. Fig-
ure B-I depicts tr-e plots of the readouts at the end of the 3,000-meter
course in relation lo the surveyed coordinates (center of circle).
ihere were 107 data points recorded of which 95.1 percent were within
30 meters of the actual coordinates (representing a 1.0 percent error,
or less, for distance traveled), and the remaining 4.9 percent were
within 30 to 60 meters of the actual coordinates (representing a
1.0 percent to 2.0 perrent error for distance traveled).

(2) The LWL/WPS system was also mounted In the MII3AI and M151A2.
Figure B-2 depicts rhe plots of the readouts at the end of the
3,000-meter course in relation to the surveyed (actual) coordinates
(ctnter of circles). Although the system performance during this phase
of testing was exi.-emely inaccurate, it did reflect a repeatable pattern.
EDjch readout for the same calibration setting (denoted by the date of
-the run) and for a specific direction of travel (east or west), generally
fcil within a 30-meter circle.

b. Electromagnet!c environment.

(I) Figure B-3 deoicts the baseline data of the AGA, ANS-150K on
thn 1,O00-mefi course for runs traveling north and south. All baseline
plots were trom 0 to 40 meters from the surveyed coordinates (represented
by the c anter of the circle). When the test vehicle traversed the
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course with its onboard radios operating, the miss distance of the
system was 0 to 10 meters (fig B-4). During runs conducted with the
SM60A2 tank (travel;ng adjacent to (hub-to-hub) and parallel to the test
vehicle with the system and radios transmitting continuously on the
M60A2), the miss distances were from 0 to 40 meters (fig B-5). Figure B-6
reflects that the miss distances were 0 to 10 meters when the M60A2 tank
had its radios continuously transmitting and was traveling 5 meters from
the test vehicle.

(2) Figures 8-7 and B-8 depict the baseline data runs for the
LWL/W'HS system when traveling north and south, respectively, on the
1,000-meter course. With the exception of two runs in each direction,
miss distances for the baseline cata were from 0 to 45 meters. Figure B-9
reptesents the results of teztirig with the onboard radios of the test
vehicle continuously transmitting during the 1,000-meter run. The angle
of heading Aeflectisn from north/south represented by this chart is
equal -o the anole formed by the vehicle antenna and the compass in
relation to the center line axis of the vehicle. Results reflect that
the transmitting radio "trapped" the compass and produced a false
northing reference. When figure B-10 (MuOA2 tank, with radios transmitting
continuously, traveli.)g hub-to-hub with the test vehicle) was compared
to figure B-9, it could not be determined if these effects were from the
transmitting radios or the magnetic effects of the M60A2 tank. Figures
B-Il through B-13 depict the results of the M60A2 tank traveling 5, 10,
and 15 meters fro'r the lest vehicle with radios continuously transmitting.
In all three cases, the miss distances were now 0 to 45 meters from the
surveyed coordinates and comparable to those of the baseline data.

c. Magnetic environment.

(I) All runs conducted with the AGA, ANS-150K system showed a

consistent variation ;n miss distances of 0 to 20 meters. Additional
runs were conducted with the M151A2 towing a trailer loaded with
1,427 pounds of metallic cargo to include smoke grenades and
caliber 0.50 ball ammunition, linked. These runs were conducted on a
22 kilometer, closed loop level course. Figure B-14 shows that the
system operated within 1.25 percent error for distance traveled for the
first G to 8 kilometers, 0.5 to 1.0 percent error up to 10 kilometers of
iravel for two runs, and 17 kilometers for the third run; and less than
0.5 perc-ent error for distance traveled at 10 to 22 kilometers of travel
on two runs dnd 17 to 22 kilometers on the third. The finish readout
for all three runs was ipproximately 0.25 percent error for distance .
traveled.

(2) i igure B-15 s.ows the various runs for the LWL/WHS system
during this phase of testing. A and A' reflect the baseline data as
compared to the other symbols depicting the various test situations and
magnetic environme-,t introduced. These data do not compare with the
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results of the electromagnetic environment where the M60A2 tank was also
used at the same distances and reflected no effect at 5 to 15 meters.
During this segment of testing, there were continual problems with the
compads compensatioi and calibration of the system.

Sectihn III. SUBTEST Ill - SYSTEM ACCURACY

2-9. Purpose. To determine the accuracy and repeatability of each
vehicle land navigation system operating under controlled conditions.

2-10. Methodo!.gq. The subtest was conducted in two phases.

a. Phase A - closed loop accuracy course. This phase consisted of a
one closed loop course over lev1! terrain and one over rough terrain,
with several intermediate changes of direction. The systems were not
updated to correct ;he error during any of the runs of this subtest.
The closed loop courses were 21.4 kilometers (level) and 19.4 kilometers
(rough) in length aid had seven anu six surveyed data points, respective-
ly, which were markej by red stakes. The data collector radioed test
headquarters at each red stake encountered throughout the course and
transmitted the 8-*digit coordinates displayed on the land navigation
system readout 'evice. This information was recorded on the data form
provided. All land navigation systems tested ran the same course starting

S15-minute intervals.

b. Phase B - op:en end accuracy course. This phase consisted of

one open end course over level terrain and one over rough terrain, with
several changes of direction. All runs were conducted the same as in
phase A of this sub~est. Tne length of the open end courses was 27 kilo-
mters (level) and 23.2 kilometers (rough). There were nine data
points on the level course and six data points on the rough course.

c. Positior fixing of data points with map and compass. Addi-tionally, operators traversed the accuracy courses using a standard

1:50,000, topogra:)hic map and lensatic compass to make their determina-
(,•. of their 8-dicit UTM coordinates of the data points being reported

u,,' the navigation sy,;tems tested. These data points were the same
srvryej points markel by red stakes described in 2-10a and 2-10b above.

/-;i. Results (Findir.gs). The results of all phases of this subtest
,r-. dep~cTed graphica'ly in appendix C of this report. Figure 2-I
r,-'l lts the total number of runs and data points sampled for each
i;ysf.;m/vehicle configuration while traversing the accuracy courses.
(F,,r comparative purposes, appendix D (fig D-I through D-9) depicts the
accuracy rc.ult5 If the Aviation Electric, Limited, LNS-500 series,
navigation systerr.l.)

/
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SData Tota I Tota I

Course Puns M113 M151 points possible collected

AGA, NS- K navigation system

Open level 16 71 72 9 144 143
Open rough 16 48 48 6 96 96
Closed level 23 76 69 7 161 155
Closed rough 16 46 46 6 96 93

I.WL/WHS navigation system

Open level 6 30 18 9 54 48
Open rough II 42 24 6 66 64
Closed level 8 21 35 7 56 56
Closed rough 10 47 II 6 60 58

Figure 2-1. Number of runs and data points sampled by the system/
accuracy courses.

2-12. Analysis of Results (!indings).

a. Phase A - closed lcop accuracy courses. gures C-I through
C-8 depict all runs conducled by system/vehicle configuration, distance
traveled. percent of error for distance traveled, and actual miss
distance (in meters) of the system readout, as compared to the actual
surveyed coordinates.

(I) AGA, ANS-15OK, mounted in MII3AI, APC.

%a) Closed loop level course (fig C-I). During all runs con-
ducted, there were only three data points that exceeded 0.5 percent
error for distance traveled. The maximum miss distance experienced at
an, one data point was 50 meters. In all cases, the test system finished
the course with a miss distance of approximately 30 meters or less,
representing less than 0.15 percen'r for distance traveled (21.4 km).

(b) Closed loop rough course (fig C-2). The increased error due
to the system measuring only hcrizontal distance is depicted in this
figure. Two data points exceed the I percent error for distance traveled
within the first 3 kilometers. At 6 kilometers, all runs were under

0.5 percent error for distance traveled with the exception of one data
ioint. It rould nc.t be determined from the data collected if this was
an ,=.tuaI reudout -f the system or a -ossible operator error; the data
point has been included in all data presentations. For analysis pur-
poses, excluding this one point, the maximum miss distance for any data
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point was less than 60 meters with all runs ending at less than

0.25 percent error for distance traveled (19.4 kW).

(2) LWL/WHS, mounted in MII3AI, APC.

(a) Closed loop level course (fig C-3). Although the system
could not be compensated or calibrated to maintain the design accuracy,
it did display d pattern of repeatability. The midpoint between the
minimum and maximum cercent error for distance traveled at any given
aistance during The r*ins reflected a 41 percent or less variation in
the system's readouts. Overall, only-four aata points exceeded 3 per-
cent error for any distdnce traveled, and the finish readouts at the end
of the 21.4-kilometer course we e 1.5 to 2.5 percent error for distance
-traveled.

(b) Closed loop rough course (fig C-4). During this segment of
the test, the technical representatives were able to improve the cali-
bration and compensation of the system as reflected by the miss dis-
lances and percent error portrayed on the graph. Although this was the
rwPugh course where error would be expected to increase as compared to
the level course above, this was not Ihe case. Only six data points
exceeded 2 percent error for distance traveled during eight runs con-
ducted (a total of 47 data points), representing a miss distance of
40 TO 175 meters. Thz maximum miss distance experienced during this
course by the system was 275 meters. The error at the finish of the
19.4-kilometer course was less than 0.2 percent to approximately
1.5 percent error for distance traveled. Miss distances at the end
ranged from 75 to 275 meters.

(3) AGA, ANS--150K, mounted in M151A2, 1/4-ton truck.

(a) Closed loop level -ourse (fig C-5). Of a total of approxi-
mately 79 dala points ,amplrj during this segment of testing, only five
exceeded I percent error for d~stance traveled representing a maximum
miss distance of appro.imately 75 meters. During the entire course, the
maximum miss distance for any run was approximately 105 meters, repre-
senting a 0.75 percent error for distance traveled. The closures for
all runs conducted resulted in only two runs exceeding 0.25 percent
error (0.715 percent error) while the remaining nine runs varied from
0 ;'ercenl to 0.2 percen't error for distance traveled. Miss distances at
Tne ;ini-h point f:,- these nine runs varied from 0 to 4C meters. Total
dilitance traveled aas 21.4 kilometers.

(b) Closed loop rugh course (fig C-6). Only two data points of
4/ sampled exceeded I percent error during the runs conducted repre-
senling a miss distance ot 20 meters and 35 meters. At approximately
10 kilometers ot disian-e traveled, all runs were equal to or less than
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0.5 percent error for distance traveled. The maximum miss distance
experienced during these runs was approximately 65 meters with closer
miss distances after 19.4 kilometers of travel varying from 10 to
50 meters. These miss distances represented a spread of 0.075 percent
to 0.275 percent error for distance traveled.

(4) LWL/WHS, monunted in M151A2, 1/4-ton truck.

(a) Closed loop level course (fig C-7). During the runs conducted
on this course, the -system continued to experience problems in compensa-
tion and calibration. As with the MII3AI, a pattern of repeatability
was established even though tle system displayed large miss distances
and percent errors for distance iraveled. Comparing the system readouts
of the five runs conducted, the rcadout of four runs averaged +0.5 per-
cent ior distanciý traveled at all the data points encountered during the
runs.

(b) Closed loop rough course (fig C-8). Again, the system dis-
-played a high percent error for distance traveled and a large miss
distance, yet the average difference of the systems' percent error for

distance traveled between the two runs conducted remained +0.5 percent,
again displaying a p&+tern of repeatability. Due to the continued
problems of compensation and calibration, additional data could not be
oblained on this specific course.

b. Phase b - open end accuracy courses. Figures C-9 through C-16
depict all runs conducted by the system, vehicle configuration, distance
traveled, percent error for distance traveled, and actual miss distance
(in meters) of the system readout as compared to thz actual surveyed
coordinates.

(I) AGA, ANS-15OK, mountea in MII3AI, APC.

(a) Open end level course (fig C-9). Only three data points out
of 71 exceeded I percent error for distance traveled during all the runs
conducted. These three points represent a minimum of 12 meters miss
distance and a ma-Imum of 60 meters miss distance. After the system had
traveled approximately 4.5 kilometers, all runs were less than I percent
error for distance traveled with a maximum miss distance of 50 meters.
At approximately 10 kilometers of travel, all runs were less than
0.5 percent er,•r" fur distance traveled. The finish readouts at the
end of the 21.9-kilometer course reflected a miss distance from 10 to
30 meters, a percent error for distance traveled of 0.06 percent to
0.13 percent.

(b) Open end rough course (fig C-10). At the end of 2 kilometers
traveled, all runs were under I percent error for distance traveled and
by 5 kilometers, the error was less than 0.5 percent. Only two runs
exceeded 0.5 perceit for distance traveled after this point, and it wos
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0.6 percent error with a miss distance of 120 meters. All other runs
never exceeded 80-meters miss distance with the finish points resulting
in less than 0.1 percent to 0.4 percent error for distance traveled with
miss distances of Ir. to 80 meters.

(2) LWL/WHS, nounted in MII3AI, APC.

(a) Open end !svel course (fig C-Il). Runs reflected on this
chart again show a repeatable pattern of results with overall accuracies
improved due to improved compensation and calibration of the system.
lhe two runs thrt were not completed were due to mechanical failure of
the MII3AI. The one data point that was less than 2 percent error for
distance traveled at approx.mately 23 kilometers of travel could not be
explained. If the system was in error, it compensated (or canceled)
this error prior to the next data point. It is also possible that the
error was an operator error (i.e., misreading the coordinate readout).
The majority of these runs were between 0.75 percent and 1.5 percent
error for distance traveled after 12 kilometers of travel. With the
exception of the rurs not completed and the one data point at 23 kilo-
meters discussed above, the miss distances ranged from 75 to 225 meters
throughout the course.

(b) Open end rough course (fig C-12). These data reflect the
effect of changir-g compensation and calibration after each run. The

* technical representatives were continually attempting to adjust the
'-- system between the various runs during this phase of testing. Four of

the runs do reflect accuracies that the system can attain. These four
rwuns maintained approximately I percent error or less for distance
traveled and represented miss distances of 50 to 175 meters.

(5) AGA, ANS-I50K, mounted in M151A2, 1/4-ton truck.

(a) Open eno level course (fig C-13). Accuracies obtained when
the system was mounted in the MI51A2 showed a range of miss distances of
0 to 80 meters with all runs less than 0.4 percent error for distance
troveled after approximately 12 kilometers of travel.

(v) Open end rouah course (fig C-14). Results of this course are
similar to those experienced on the level course with the exception of
one run. Of the eight runs conducted, seven reflected miss distances
i (nqiny from 0 to 80 meters and a percent error for distance traveled of
less than 0.4 percent. The one run that did not fall in these parameters
;Till did not excee-d 0.65 percent error for distance traveled, which
depicled a maximum of 120 meters miss distance.

(4) LWI/WHS, mr-unted in M151A2, 1/4-ton truck.
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(a) Open end level course (fig C-15). Due to system problems,
orly two runs were conducted over this course. Of the two, one reflects
the problems experieoced in compensation and calibration. The second run

-showed some improvement in the compensation and calibration and resulted
in miss distances ranging from 100 to 225 meters. The system achieved a
percenl error for distance traveled of less than I percent error aT
approximately 10 kilometers of travel and maintained this accuracy to
the finish point.

(b) Open end rough course (fig C-16). Problems continued with
compensation and calibration during this portion of testing. It was
decided to go ahead with the runs at one setting to determine the
repeatability of the system in lieu of accuracy. The chart shows that
the system is capable of mairtaining good repeatability over the same
course during repeated runs.

c. Selected runs for the LWL/WHS. Figure C-17 shows selected runs
for the LWL/WHS system when mounted in the MII3AI with the compensation
and calibration relatively stable and accurate. The system was capable
(under ideal condiTions) of producing results with percent error for
distance traveled under I percent. These runs reflect miss distances of
from 10 to 200 meters with good repeatability between runs.

d. AGA, ANS-150K gyro alignment. During one day of testing of the
AGA, ANS-150K, the gyro was aligned only in the morning at the start of
testing. No further realignment to compensate for gyro drift was per-
formed during the day. Figure C-18 reflects the results of the first
run of the morning (S' and the last run of the day (F) 7 1/2 hours
later. There was only a 10-meter difference between the maximum miss
distances of these two runs; both had an equal minimum miss distance of
1O melers; and a finish miss distance of 10 meters (0.08 percent error)
and 30 meters (0.075 percent error), respectively.

e. Map and compass, M151A2, 1/4-ton truck.

(I) Open end level course (fig C-19). This course was comprised
of all but one checkpoint located on road junction or other easily
recognized features. The one data point that was not easily recognized
i5 accented on the chart by the 900 to 1;000 meter miss distance (located
al Dpproximately 19 ki!ometers of travel distance).

(2) Open end rough course (fig C-20 and C-21). This course was
c0,.rarterized by rouqh terrain, and traversed tank trails that were not
on the map, or had b,.en changed since the maps were printed. As with
the level course, larger miss distances were experienced where easily
recognized geographic features were not present. Although the test
personnel were traveling a designated (course marked with directiona.
signs) course of travel, on familiar terrain, with all conditions being
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the mcst conducive for map and compass navigation, miss distances on
several points ranged from 500 meters to over I kilometer.

f. Overal system average percent error and miss distance.

(I) AGA, ANS-150K. Figures C-22 through C-29 reflect the average
miss distances and percent error, overall, for the MII3AI and M151A2,
respectively. These averages are reflected by course and by direction
Sof travel over the course (i.e., clockwise, counterclockwise, north, or
south). The results do not reflect any pattern for any specific type
vehicle in which the system may be mounted or excessive differential inaccuracies as to direction of travel. In all cases, the system provided

less than 0.5 percent error fur distance traveled at approximately 3 to
12 kilometers travel distance. All data, on the open rough course (with
ihe exception of MII3AI average of 0.375 percent error for distance
iraveled) reflected the finish point accuracy to be equal to or less ,
then 0.25 percent error for distance traveled.

(2) LWL/WHS. Figures C-30 through C-37 reflect the overall average
miss distances and percent error for the MII3AI and M151A2. Due to the
problems encountered throughout this portion of the accuracy tests, it
iB not possible to determine the effect, if any, from direction of
travel. It is noTed that in most -est situations and vehicle configura-
tions, the system functioned better in the MII3AI than it did when
mounled in the M51A2. Figures C-32, C-33, C-36, and C-37 depict an
uverall average of 0.8 percent to 1.3 percent error for distance traveled
when the system was mounted in the MII3AI. Figure C-34 is the onlyinstance where similar results were obtained when mounted in the M151A2.

(3) Accuracy requirements. The PANS-MN states the basic accuracy
requirements for self-contained land navigation systems. Figures 2-2
and 2-3 show the probability in number of occurrences, and percentage of
occurrences, of the systems' ability to provide accuracies <0.5 percent,
<I perrent, <1.5 percent, or >1.5 percent error for distance traveled.
These igures may be compared to the accuracy requirements in the
PANS-MN (specific requirements are classified CONFIDENTIAL) to determine
the degree with which they meet those requirements.

g. Data points. Figures C-38 through C-46 illustrate the location
of several of the data points used in the various courses. Noted on the
figures are the average miss distances for all the map and compass
position fixing runs. As noted in paragraph e above, when the data
point was associated with a geographic feature such as a road junction,
easily identified on -the ground, the individual could locate the point
with accuracies comparable to the navigation systems (fig C-38, C-39,
and (.-40). When the road net or trails change through the years and
vary from that shown on the map, the miss distances increase when using
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the map and compass only for navigation purposes (fig C-41, C-43, and
C-44). When the individual using only the mao and compass for position
fixing does not have easily identifiable features to locate himself,
miss distances range up to 1,000 meters (fig C-44, C-45, and C-46).
Although travel distances are noted In graphs, the distance traveled
when navigating with only a map and compass has little bearing on miss
distance when fixing a position.

Percent error for distance traveled categories

Number of occurrences

Type vehicle <0.5 <1 <1.5 >1.5 Total

MII3AI 215 12 II 2 240 1
M151A2 191 22 12 5 230

TOTAL 406 34 23 7 470

IPercentage 86.5% 7%OY 5% 1.5%

Figure 2-2. Demonstrated accuracy of the AGA, ANS-150K
by the number of occurrences which fell in each
category of percent error for distance traveled by I
type vehicle.

Percent error for distance traveled categories

Number or occurrences

Type vehicle <0.5 <1.5 <3.0 >3 Total

MII3AI 14 71 34 20 139 A
M151A2 I 13 29 43 86 1

rOTAL 15 84 63 63 225. I
Percentage 7% 37% 28% 28% 4

Figure 2-3. Demronstrated accuracy of the LWL/WHS system by the
number of occurrences which fell into each category
of percent error for distance traveled by type vehicle.
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Section IV. SUBTEST IV - TACTICAL APPLICATION

2-13. Purpose. To determine the various systems' capabilities to
perform as navigation aids and position location instruments to a
degree of accuracy that will Improve the vehicle commander's capability
lo perform his mission when required to traverse unknown terrain.

2-14. Methodology.

a. The subtest was conducted in three phases, with each system
mounted in the MI5IA2, 1/4-ton truck.

(I) Phase A Long-rang, reconnaissance patrol.

(2) Phase B - Daytime recon,,aissance patrols.

(3) Phase C -Night reconnaissance patrols.

b. Phase A, long-range reconnaissance patrol was condo. -d from
building 91010, Wesi Fort Hood, via Copperas Cove, Burnet, M, ale Falls,
Round Mountain, Aust;n, Bryan, College Station, Navasota, Huntsville to
the tesi site headquarters in Sam Houston National Forest. The testvehicles rnored designated checkpoints of known locations along te

route io aA-ermine tt-eir apparent accuracy during extended periods of
operation and when traveling on concrete reinforced roads, near railroad
tracks, and in bui!t-up areas.

c. Fnases F; (daytime operations) and C (night operations) in-
corporated a total of II courses in Sam Houston National Forest approx-imately 75 to lOG kilometers long. Phase B contained six courses and

phase C, five cours-s. In both phases, the operators of the test systems
were given simulated tactical missions which Included specific routes to
follow and checkpoints to locate. The data collectors recorded the

,~r'eadout of the system at each checkpoint or place of a scenario event.

Devia,ion from the prescribed course occurred only when the system
,-erator was forced by the tactical situation. The tactical situation

raused ;everal devialions from the planned course requiring the oper-
ji~rs to navigate unfamiliar terrain over unmarked and unmapped roads

"rird trails. To the extent possible, the test personnel traversed the
, or similar course alternately with map and navigation system and

witi 'dp and compass alone. This was done to obtain comparative data
rel-Ainq to the etfectiveness of the systems in aiding the operator to
navi,;,te over unfamiliar terrain and thus perform his mission in a more
li:niy and effective ndnner.

L2. During the day and night tactical missions, red smoke represented
aqaressor activity. At the first sign of red smoke, the test personnel
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stopped their ',ehicle in place, contacted the test headquarters, and
dwoiled further instructions. These instructions normally included
io[oU•Iing the location of their position, type and location of the
ailivity sighted, and selection of an alternate route that would allow
them to complete their mission.

e. During all phases of this subtest, the operators reset the land
navigation systems' coordinate readouts to better reflect the true
posilion of the operators at any checkpoint. All coordinates were
recorded prior fc and after resetting the readout.

2-15. Results and Analysis.

a. Phase A - long-range reconnaissance patrol. Results for this
phdse of testing were not conclusive. The LWL/WHS system was not properly
compensated and calibrated (continued problems as discussed previously
in this report) and #'he AGA system declination was erroneously set by
the technical repres-:ntatives (i.e., west declination was set rather
than east). Results were not valid.

b. Phases B and C - day and night reconnaissance patrols.

(I) During the first week of testing in these phases of the sub-
tesi, it was evident that the operators sti;l did not have complete
confidenre in the systems. Many times the operators would report the
wruoiq road junction as the designated ch(-'kpoint when tne system readout
reflected -they were 500 to 1,000 meters from the actual location.
During The last week of testing, after having gained confidence in the
system, the operators began to use the system as a navigation aid in
conjunclion with their map.

(2) At the end of the test, interviews were held with the operators.
The operators stated that they had confidence that the AGA, AIIS-150K was
accurate to within 250 meters or less when fixing their position or that
of an aggressor. It also provided a navigation aid and assisted their
mission to a greeter extent than the sole use of map and compass for the
same situation. fhe operators that used the LWL/WHS systems did not
gain this confidence due to the many failures of the system. They did,
however, state that there were occasions, when the system was opera-
tiun.,l, thai il provided a navigation aid not availab!e when working
wi•th map ind compass a:one. {he operators expressed an, opinion that had
1he rel!iruility of i-he system been better, they would have had the same

)nf i eJence i r the syst,: di d the ANS- 150K opera tors.

(•) On several occasions, situations developed where two operators
became aisoriented in the same area - one with map and compass; the

42



other with the ANS-150K or LWL/WHS system. In each cited example, the
naviqation system operator located himself without the aid of recogniz-
able lIndmarks, determined the course to navigate out of the area, andsubsequentlly fcind his way back to the prescribed course and checkpoints

with complete assurance that he was at the correct location. Individ-
uals placed in the same set of circumstances with only a ,nap and compass

ewere unable to locate themselves with sufficient accuracy to insure
navigating etfectivly out of the area. They were unable to return to
the prescribed course without assistance or the assurance that they were
actually at the poiot they were instructed to locate.

(a) Example I. A checkpoint was established at coordinates
80388885 (fig 2-4). The singe dotted lines represent a trail system
that the operators actually traveled to reach the checkpoint. This trail
svystem was not on their map, but resembled the intersection of trails
ano improved dirt road at RJ349 which was in fact their objective
(coordinote 80988817). Of the six operators that stopped at the
checkpoint at coordinates 80388885, two operators with map and compass
and two with land navigation systems and map stated they were at coordi-
nates 80988817. The controller at the checkpoint instructed all
operators to verify their position prior to continuing the course. The
operators with map and compass stated again they were at coordinates
80988817 anc continued the course. One of these two operators became
lost on the continuation of the course due to his I-kilometer error at
the checkpoint. The second operator with map and compass became dis-
oriented due to ihe error but was able to relocate himself when he
encountered a more defined road junction which he could recognize and
obtain a position fix. However, the two operators with navigation
systems attempted to verify their location by plotting the navigation
system readout (shown by the dotted X's in fig 2-4). Noting that the
system was off approximately I kilometer from the position fix they
had previously reported, they took a closer :ook at the contour of the
area. They noted that although the turns in the road appeared similar,
;I did noi follow the contours shown on the map. With this discovery,
they corrected their reported location and stated they were located on
the improved dirt road in the vicinity of coordinates 80388885.
Two ubservations were made regarding this situation.

I. The operators had not developed sufficient confidence in the
system lo use it properly with the map. They attempted to navigate with
:a makp only and disregarded or ,uestioned the position accuracy of the

y•ystem.

2. flavination with the system provided an advantage over navi-
"r'J tion with map and compass alone when attempting to determine a position
fix from an outdated or incorrect topographic map.
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Figure 2-4. "ketch map of example 1,
"ubtest IV, lIeconraissance.
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(b) Example 2. One course had an aggressor activity in a location
lhal forced the operators to leave the selected road net and proceed

cross country for approximately 8 kilometers. Due to many abandoned
trails, streams, and washed out areas not shown on the map, the oper-
alors were forced to travel a meandering course through the area. They
had to backtrack on m.iny instances, and rely heavily on their compass or
rj,.ig3dlion system to maintain their general direction of travel to the
nexi checkpoint. The terrain was rugged and exceptionally dense with
vegetation making it almost impossible to obtain an accurate position
fix once in the arei-. One operator, using only a map end compass for 4
ruvigating, became completely lost and exited th' area approximately
7 kilometers from his objective. At the point of exit, hie was several
hundred meters off his availaL.e inap coverage. He then proceeded along
c, road in the general direction tie felt would get him back on his map
coverage and the prescribed course. After approximately 10 to 12 kilo-
rieters of travel, still totally disoriented, he located a checkpoint on
the 'zourse but was unable to advise the controller as to its true loca-
tion. Hie was shown on his map (by the controller) where he was located

ana (,onlinued on with the course. A second operator in the same situ-
ation, but operatinc with a navigation system and a map, had difficulty
in l(cating a route hrough the area and was forced by the terrain to
exit the area at apF:oxiniately the same location as the aforementioned

opelator using map -_rd compass. However, the navigation system operator
was atble to DIot his course throughout the cross-country segment of the
(ourse. He realized he had left his map coverage, was able to navigate
tx~c unto his map coverage (recogni :ing w;ien he had done so by the

, readout) and proceed without difficulty to the next checkpoint.
tV•, ait ivinq a; the checkpoint, he was able to locale his position
aCcurately and proceed on the course without further incident. The time
r(,,e.uiro(d to comoletc the map and compass course segment of the test was
apProximately 3 1/2 hours, whereas the operator with the navigation
s/srem completed this segment in approximately 1 1/2 hours.

(c) Example 3. Two operators, one with map and compass and one
with a naviqation sy.tem, encountered the same roadblock (fig 2-5
syn;Dol (I)). Again, rhe terrain did not provide easily recognizable
feature.s other than the bends in the road and a trail leading off to the
southwest of the primary route on which they were traveling. The
operator, with t!le map and compass only, reported the roadblock as
oip:,.-Ai,',mlely I /4 kilometers from its actual location (operators
reported location noled by the symbol (2)). In comparison, the operator
with the navigation system checked the readout of the system, plotted
the rer'd.ut, checked the surrounding terrain, made minor adjustmeni- for
syltern (.rror, and repcrted his position to within 50 meters of the true
location of the roadblock, (I) in figure 2-5.
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Fiqure 2-5. Sketch map of example 3,
Subtest IV - Poconnaissnnce.
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(d) Lxamplo 4. On one night course, the operators traverbed a
ipeline viqhi-;f-way (not shown on the topographic map) as an alternate

nile to bypass tj roadblock and proceed to the next checkpoint. One
(,{,firit(r, with only a map and compass as navigation aids, arrived at
w/h1ti he thought to be the checkpoint, reported It by UJTM coordinates,
ird proceeded along what he thought was the course. He had, in fact,

,.! .j'tev-,d a ;imil-ir road junction 1,200 meters north of the correct
rid. Ihe road on wnich he was located did not appear on his mop. When
ne ,rntinued, he was not following the prescribed route. He followed
i : Icared right-of-way for another underground pipeline that ran
1,000 melers to the west and parallel to the correct route. Due to this
er r•,r , the opere-lor missed two 'f his prescribed checkpoints. When the
,.*ime ';-et of circumstances developed for an operator with a navigation
";/'Jom, he reported that he oas at the checkpoint. However, when he
J.ockud his sysiem and plotted the coordinates on the map, he radioed back
th,,t he had made an error and was 1,200 meters north of the checkpoint

and wd about to proceed south to the prescribed point. Upon arriving
al the checkpoint, it was determined that the system was within approxi-
,mci, l150 meters of the correct coordinates. The operator then again
rept ted his locatior (correctly) and proceeded on the prescribed course.

(41) (n several courses, the systems proved their value for command
,)nd c! on't-c purposes. On varied instances, duriing day and night opera-
li,.nri,, operators w3nt into areas where they could not find a route out

ijrý -to -the rugqedness of the terrain or their mission and route of
tiovol ctiunged t),, the test control headquarters. In either case, peri-
,dic ,cu'lout3i could be received from the navigation system aboard the
vhicle ,ind the operators movement directed by the control personnel by
r;,.lio '-orrimunications. In similar circumstances involvinq operators with
,,,p ,nd compass only, control personnel either had to go into an area
jrijd '-,orch for the operator in question or rely on a navigation system
*..rhicl , to spot him ad lead him out of the area.

V_) Dur;nq one of the day courses, the operators were required by
, harsqe in the mission to negotiate a course that took them off their

v,•ildtie map coverage, caused them to travel approximately 20 kilometers
t,),,•' rridr, coverage, -and to locate a checkpoint immediately upon

rr.ltirnirng to the area of their map coverage. The operators using the
"vJvVidliofl System.s had little trouble navigatiny by coordinates, using
!h-,t,:,, orn r'4adout, and locating the point. The operators with map and
:ormpas, eventually were able to complete the mission but had difficulty

in Jr-1l;mininr: at what point they had reentered the area of their map
'(,ver;ic. In all case:,, the operators with map and compass traveled in
o...;. of 4 ki lometers on the map coverage before they could locate

heir 1,-iti on. Within 200 meters after returning to the area in which
•i,,, ridJ map coverdge, the system operators were able to determine their
1.,:f1, ,-, ion and sub,;cquc-ntly the designated checkpoint.
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(6) I igure ?-t, denotes the overall average miss distances of
tei.Prled agqressor locations by the various combinations of navigation
aias. It wds noled that the ANS-150K provided the best aid during the
ady and was dpproxi,,ately equal to the map and VCS-500 onboard compass
at niqht. I t was observed that the map reading ability of the operators
had improved greatl, by the time the night operations were conducted
(seond week at ')am Houston National Forest). IT was also noted that
the operators paid closer attention to their maps during night operations
than they did during daylight hours. In mnost cases, the use of only the
map and compass produced the greatest errors.

(7) Figures 21-7 and 2-8 depict the total aggressor points reported
,vytem, and the percentage ass than 500 meters miss distance, greater

than 500 meters but less than 1,000 meters, and greater than 1,000 meters
f-, day and night operations. Overdll, the ANS-150K produced the best
results. The LWL/WHS system was producing its best accuracies during
1he rght operations and is reflected by the results shown in figure 2-6.
jriis was due to continued problems encountered the first week onsite at
",am Housion National Forest with the compass compensation of the LWL/WHSI ysiem. Both figures reflect that the VCS-500 onboard compass greatly

enhnced the individuals' navigational abilities both during day and night
operations as ccmpared to the use of the map and lensatic compass.

(8) Althouqh the operators felt that on occasions they could
produce results with an onboard compass equal to those obtained with a
navigation system, this was only feasible if their sole mission was
nuvigation. To obtain such accuracies with the onboard compass they
,.1,-ied they had to devote their entire attention to the map and compass
leovinq little time for other duties such as performing a reconnaissance
mirsion; however, with a navigation system they could devote all their
u-tention to the tactical mission, referring to their map, with the aid
of a coordinate readout from the navigation system, only at such time a
Dcsition fix or !ocation of an aggressor position was required.

(9) 1hrouqhioul all phases of this subtest, operators were able to
nejotiate course; easier with the aid of navigation systems than with
lensaiic compass Jnd map on comparative courses. This was stated by all
(,,:•;,tors II,,rin; interviews at the end of the testing period. It was
.:.o iatod by the operdiors that if a navigation system was not provided,
onboard comnpases on wheeled and tracked vehicles would provide a marked
iYir(.vemeni lor the individual navigating with the topographic map.
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Average miss distance in meters

Total Day NighI

Totol Average Total Alota l AverageAverageAvrg
System points (meters) points (meters)(meters)pointss)(meters)

report>.d reported reported

AGA 22 320 6 144 16 385
LWL/WHS 36 529 10 727 26 453
Map and VCS-500 17 379 6 370 I 383
Map and compass 55 •q 16 377 39 506

Fioure 2-6. Subtest IV, averoge miss distance of reported
aggressor locations.

lotal
1spont IPercent Percent Percentoystem po ints

reported <500 m >500 m >I ,000 in

100 -
L•L/,, iSD0 30 60 10
-:ap ;nd VCS-500 E 67 33 -
-.a,. -:_,n compass ;6 75 19 6,

i.:uf, ,-7. ?uAtest IV, total number and accuracy of aggressor locations
re;,orled during the day, compared by the percentage with a
miss dislance less than 500 meters, greater than 500 meters,
znd' greater than 1,'00 meters.

T ~taI Percent Percent Percent

1stem points <500 m >500 rI >I,000 m
reported -

16 69 31 -
26 70 15 15

..a; , VC'-500 II 73 27 -
"'j[ .ri mpa 39 57 33 10

'i ure 7-8. Subtest IV, total number and accuracy of aggressor
locations reported at night, compared by the
percentaye with -, miss distance less than 500 meters,
an(' greater than 1,000 meters.



Section V. TRAINING, LOGISTICS, AND HUMAN FACTORS

,~~f -In I d n ng..

a. One week of Intensive training (40 hours) was conducted In the
cIds.roofri and in practical exercises on the equipment itself. The
classroom portion was for 2 1/2 days and consisted of map reading,
scfuaely, iunoral system operation and terminology, and a descriptlon of
the type of testing to be performed. The second 2 1/2 days were spent
in the motor pool and on nearby tank trails operating the equipment to
be tested. This portion was designed to give the operators on-system
traininnq for basic operation, compensation, calibration, and general
ri,,vigation procedures when using a navigation system In conjunction with
the ,Jandard military topographic map.

'). Due to a delay in shipment, the AGA, ANS-150K was not available
lurin; the I-week training period. Operators for the ANS-150K were
!,ricfod on the system In the classroom, then received field training on
th,.o joneral aspects of operation of land navigation systems In general
on thu LWL/WHS system. Actual hands-on training on the ANS-450K was
coriducted during the first week of testing during the calibration and
../rificftion of calibration phase.

:. DOperator comments and observations by test control personnel
iit;i, .itJl lh.,l the scope, time, and type of training could not have been
rendi,,ted1 in less time, and the time spent on compensation and call-
''Flti~n (approximately I day) was not sufficient. It was noted that
:,,ter iht. operator had received a week of training on the system, an
ic•,itional 60 hours of actual use was required to develop operator
,ufj idh,;nce in the sys_;tem and to develop an understanding of how to use
ttn ,"ovice as a naviqation aid.

.: 1 . Log ji st i cs.

0. An WCO w3s assigned the task of monitoring the systems at all
timrns during their operation. He maintained logs pertaining to oper-

!i.,r, nl tiime and downtime (hands-on maintenance time), repairs required,
":irj other pertinent data that related to logistics.

. i,;,'re 2-9 depicts the operational time and downtime (hands-on
!.iiririrnanco time) for $-he systems.

c. toral miles driven by the vehicles in which the systems were
rr,!tI w,;•, approximately: ANS-150K, 4,170 miles; LWL/WHS system #1,
'•,2ou 'files; sysfer, #2, 2,150 miles; and, VCS-500, 3,000 miles.
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I or 1- Hood Sam Houston Tota I

'y" tcm Op time Downtime Op time Do,.iirr'e Op time Downtime

AN(-I150 9-:OL, 4:24 104:55 2:00 198:01 6:24
LWI/WHS 55:3( 21:53 106:55 0:00a 162:31 21:53
a
Operational and downtime at Sam Houston National Forest reflects

those hours that the test site was open. The technical represent-
ativos for the LWL/WHS sss -m spenI an additional 30 hours during
nonsest periods rewirinf and resoldering the breadboard modules to
assure operation of the equipmeri;n during the test periods. to

Figure 2-9. Operational and downtime (hands-on maintenance time)
of the navigation systems tested.

d. rhe types of equipment failures experienced auring the testing

included the following:

'I) AGA, ANS-150K.

(a) The temporary mounting usea to mount the inverter and gyro to
Ihe !.'I A? required ,nodificaiicn to reduce vibrdt ion.

(b) The distance calibration circuitry would not aliow sufficient
variance on one navigation head to provide the needed adjustment. The
navination head and distance transmitter were replaced. The specific
problem was not isolated during the test.

(c) Power cabie connector from the power source to the inverter
worked loose on two occasions and caused a power surge. This caused
the gyro to become m'saliqned trom its rnorthing reference.

(a) Moisture joT into the navio3tion head and caused a short.

(2.) LW•i./WHS.

% ) ' i r n. i , c:n;,:s'• ~broke on sever,: oI;(. i',r,, due to vib-

(u) I.,it,loi, ,e nfnr iI on A 1SA2 would r0no; I ,cn( ion properly
when the vehicl ,jrer.ile(: over 30 mph. A modificatinn was requirod to
reduce ihe rpm of the reed switcn in the distance transmitter.
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(c) Hard wiring on breadboard modules in the processor was con-
tinuously breaking from vibration.

(d) System would not hold compensation and calibration adjust-
monts. This situation became worse through the weeks of testing as
modules were rewired, size of wire changed, and other such modifications
accomplished that caused a change in the circuitry of the system.

(3) In all cases, repairs could be made immediately by replacement
of components or resoldering of wires onsite.

(4) Repair of the components on all systems did not require any
special tools or ecuipmen' that would be common only to the repair of
the systems. The technical representatives onsite used electronic
repair tools commonly found in the Army signal equipment repair units.
No operator preventive maintenance was performed on the systems during
the entire test period.

2-18. Human Factors.

a. The operators of the ANS-150K developed confidence in their

,y~tem al a much faster rate than those operating the LWL/WHS. Three
factr5rs ihat influcnced the aevelopment of operator confidence were:
demonstrated accutacy, repeatability, and reliability. All three of

these factors were .demonstrated by the ANS-150K, whereas the LWL/WHS
engineering lest model was deficient in demonstrated accuracy and
reliability.

b. The operators did reflect a preference of the two types of
systems tested (i.e., gyro system versus magnetic system) and their
inherent advantace3 and disadvantages.

(I) The ANS-150K, gyro system provided the best demonstrated
accuracies and instilled the greatest confidence in the user; therefore,
it was the preferred system.

(2) The LWL/WiS would have been equally preferred if the demon-
strared accuracy and reliability had been equal to the ANS-150K. The
cp-rators li;,od the simplicity of the LWL/WHS system. It could be
turned on, coordinates set, and the vehicle moved without regard to any
gqIro settling time. Once underway, there were no adjustments required
ana nu concern tor rea ignment of the system or other such operator
furiclions. The only operator function was correcting the readout, if
deoircd, to corrc, t for system error

c. Equipment ind procedure modifications.
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(1) AGA, ANS-150K.

(,j) The operators felt the compass heading readout was too dif-
ficult to read. It wa,, suggested the 0.10 inner dial should have a
cover on it so that it cannot be seen during navigation operations. The
rapid spinning of the dial caused confusion to the operators. Several
of the operators placed tape over this dial during test operations.

(b) The lack of symbols N, E, S, and W located on the 900, 1800,
2700, and 0/3600 point of the compass readout dial caused the operators
to experience some difficulty when attempting to make a rapid reference
to the dial to determine direction of travel when on the move. The use
of these symbols is highly desired by the operators for navigation
purposes.

(c) Although the calibration adjustment dials had scaled markings,
they were not linear and had no direct correlation to specific numbers.
This made calibration a trial-and-error situation and caused much dif-I,
ficulty and confusion to the operators.

(d) Some difficulty was experienced by the operators in setting
the coordinates of iheir initial start position or when attempting to
change the coordinate readout at a known point to correct the system
etror. ihis dilficully was derived dje to the speed settings of the
digit readout controls. 1he low speed adjustment needs to be slowed
down to prevent overshooting the desired digit the operator is attempt-
ing to set.

(e) The readoul device on the M151A2, 1/4-ton iruck was mounted
flush in a verlical position on the dashboard of the vehicle. This
required the operator to lean forward over the device to obtain a UTM
readout or heading reference. The readout device should be mounted at
an angle towards the operalor to allow reference to the system without
changing his position in the vehicle.

(2) LWL/WHS.

(a) Although the calibration controls were not usable by the
operator on the engineering test model, it was suggested that They
sho,,d be placed on tne handset for ease of access to the operator
SnotjL. d production model be developed. The present design reflected
that some of these controls would be iocated on the processor of the
system.

(h) The oporator suggestea that a bracket be devised foi the
handset/readuui device that would allow it to be affixed to the vehicle
if theo operalor did not (jesire to hold it or fasten it Vo his web gear.
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It was noted that during travel or when the operator was out of the
vehicle and not using the handset, it had to be laid loose in the vehicle
and was subject to damage.

(c) The operators felt that a quick disconnect plug should be
placed on the dash of the M151 for connecting the handset/readout device.
This would alleviate the need for a cable to be stretched from the back
seat (where the processor is located) to the front of the vehicle.
Presently, the cable is.subject to damage when personnel get in or out
of the back seat of the M151, 1/4-ton truck.

S3) The operators felt ihe "course-to-steer" needle on the LWL/WHS
system's heading reference readout was very advantageous when traveling
cross country. Tnis feature allowed them to preset a desired direction
of travel when traversing rugged terrain and maintain a general direc-
tion of travel to a specific point. They felt that such a feature
should be incorporated into any navigation system that might be con-
sidered for Army use.

Section VI. ONBOARD COMPASS

2-19. Aviation Electric, VCS-500, Onboard Compass.

a. The Aviation Electric, Limited- of Montreal, Canada, provided
one VCS-500, onboard compass, by unsolicited proposal for evaluation
during this iesT. The system was mounted in a M151A2 iesi vehicle.
This test vehicle was used for map and compass runs during subtests III
and IV to provide comparalive data for similar runs with the land nav-
igation systems. These runs also provided data as to the value of an
onboard compass as a navigation aid as compared to the use of the stand-
ard lensatic compass presentlv provided for navigation purposes.

b. The onboard compass was operated during the electromagnetic and
magnetic phase of subtest 11. The system traveled 1,000 meters on a
magnetic ncrth/souTh course, recording any variance in direction indi-
cated every 100 meters.

(1) Baseline data reflected a variance in t.a readout from nl and
180* of approximately +_3*.

(2) When the test vehicle with the syste,,i was driven alongside an
.;l113Al, it was noted -that a variance of +40 to 6' owcurred.

(3) Operating the test vehicle alongside an M60A2 tank resulted in
a variance of +50 to 100. At 5 meters from the tank, the effect dropped
to W44 to 80 and at 15 meters 'he effect was no longer noted.

(4) Operating the test vehicle adjacent to or within 5 meters of
the M60A2 when the orboard radios of the M60A2 were transmitting resulted
in an additional +20 to 40 variance.

54



(5) The variances noted above were mLximized when the test vehicle
was travelinq south. Minimum variance was noted when traveling north.
When the test vehic:e was traveling north, the flux-valve compass was to
the outside, away from the MSOA2. When traveling souln, the flux-valve J

compass was adjacent to the M60A2.

c. It was noted by the operator that !he card type dial readout
remained extremely steady when the vehicle was traversing rough terrain.
No problems were experienced while reading the direction of travel from
the dial.

d. The use of an onboard compass provided a cor.venience to the
operaior in that he did nol ' x'• to get out of his vehicle each time he
desired to take an a::imuth for .,avigation purposes. It also enabled him
to maintain a refere,ice as to his direction of travel while moving.

e. The use of an onboard compass was compared to the use of the
standard lensatic compass in conjunction with the topographic map for
navigation purposes. The onboard compass produced more mission com-
Vletions and closer estimates as to the test operators' position or the
posilion of the aggressor. The use of the onboard compass reduced the
amount of time required for an operator to determine desired direction

of travel and provided him with a continual reference as to heading,
thus assuring him thai he was in fact maintaining his desired course
direction. The onboard compass was especially desirable when navigating
cross country (off ro.eds and trail;).

f. lhe capabilily oi the VC,-500 to nrovide a grid reference for
heading, rather thar; a magnetic heading as with ihe len,atic compass
reduced azimulh errors (no conversion by the operator -equired for
magnetic to grid azimuth) and assisted the opera-or in rapid orientatiron
of his map to the surrounding terrain.
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APPENDIX A

METHODOIm0(Y FOR ACCURACY COURSE SUMMARY (SIlBTEST IIl)

A-I. 'urpose. This appendix describes the applied methodology for this
iub Iel .I

A-2. Accuracy Courses. The accuracy courses used at Fort Hood tested
1he navigation systems' ability to accurately report coordinates of
checkpoints over a variety of courses. The courses were closed loop and
open end over both level and rough terrain. All of the courses were
negotiated several times in eich direction by each of the navigation
systems mounted In both armored personnel carriers and in 1/4-ton trucks.
These data were reduced to determine radial miss distance between the
reported coordinate location and the surveyed coordinate location for
each checkpoint. The evaluation criteria specified in the Outline rest
Plan and the Positioning and Navigation System - Materiel Need (PANS-MN)
are percent error for distance traveled; consequently, the miss distance
calculated for each checkpoint Is tied to the distance traveled by the
tesI vehicle. Using this ordered pair of numbers, the data were sorted
keeping the distance traveled constant. The resultant grouping of data
gave listing; of several miss distances for each unique distance traveled.
The most meaningful expression of these data is an average miss distance
tor each distance traveled. This is in essence a condensation of several
ordered pair of numbers (miss distances, and distance traveled), to a
single representative number combination of one average miss distance
for each distance traveled which was then used as a basis for input to a
leas! square curve fitting procedure which yields a power curve equation
(Y - aX) that best fits the data collected in the field. The power
curve equation can be used as a general expression to determine what
miss distance (Y) can be expected for any given distance traveled (X).

A-3. Technique Employed. The technique employed in any least square
curve fitting route is to take a collection of data points such ao those
collected from field experimentation and solve the equation (in this
case a power curve Y = aXb) for the best values of a and b for the given
set (f data (YI, XI) where Y is the average miss distance, and X is the
distance traveled.

A-4. Application of Equations. In the case of both the AGA and LWL/WHS
vohi(,:Ie land navigation systems, 50 ordered pairs of average miss dis-
tfnce and distance traveled were used in the solution of the equation
Y : aXb for -the bast a and b. It should be noted that other types of
e1, iitions were evaluated in reaching the conclusion that the power curve
beN1 fits the field data. Other equations tried were a linear equation
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bXof the form Y mX+B and an exponential of the form Y ae The
technique used to calculate the coefficients a and b for the power curve
Y aXb was to first linearize the equation into InY BInX+lna and
solve for a and b where

NZ (InX InY.) - Z In X. E In Y.S=I I I I

NZ (InX)2Z - (E:lnX) 2

and Ina = Z1nY. - ElnX.
I I

subject to the conditions X > 0 and Y > 0 and i I; .... N.
In this case N = 50 data points for both the ANS-150K and LWL/WHS.
Reference: Statistical Theory and Methodology in Science and Engineering
by K. A. Brownlee - John Wiley & Sons, 1965.
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APPENDIX 1

GRAPHIC RESULTS OF 3UBTEST II - CALIBRATION, ELECTROMAGNETIC/
MAGNETIC ENVIRONMENT
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Note: Circies indicate 30, 60, and 90 meters, I percent, 2 percentand
3 percent error for disidnce traveled, respectively.

Figure B-i. Calibration verification data from the AGA vehicle land
navigation system (Scale I" 100 meters).

59

.1



F '9

Legond: + indicate runs made traveling east

c indicate runs made traveling west

A=12 Jun, B=18 Jun, C=l Jul, D=3 Jul

Note: Circles represent 30, 60, ano 90 meters
from the surveyed finish point. Circles
inscribed around the system readout
plots (A-D) have a radius of 30 meters.

÷.

I+

Fiqure i•-2. Selected data from the calibrdtion verification runs of the
LWL/WHS vehicle land navigation system depicting repeatability
for a given direction.
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Legend: +Denotes the AGA system location.

Note: Circles indicate 50 and 100 meters from the surveyed location of
t he finish point (Scale I" = 100 meters).

Figure B-3. Miss distance of all baseline runs for iho AGA vehiclej
land navigation system tr~veling the 1,O00-meter course.
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Legend: +Denotes the AGA system location.

Note: Circles indicafe 50 and 100 meters from the surveyed location of
the finish point (Scale I" = 100 meters).

i gure B-4. Miss distance of all runs for the AGA vehicle land naviga-
tion system traveling the course with its internal radios
continuously keyed.
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Legend: +denotes the AGA system location.

Note: Circles indicate 50 and i00 meters from the surveyed
location of the finish point (Scale I" = 100 meters).

11

Figure B-5. Miss distance of all runs for the AGA vehicle land
navigation system with an M60A2 tank traveling a parallel
course hub-to-hub and to the east of the test vehicle.

t
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Legend: +denotes the AGA system locaiton.

Note: Circles indicate 50 and 100 meters from surveyed
location of the finish point (Scale I" = 100 meters).

Figure B-6. Miss distance of all runs for the AGA vehicle land

navigation system with an M6OAI tank traveling a parallel
course 5 meters to the east of the test vehicle.
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SLegend: + denotes the system readouts location when traveling north.

S~I

Note: Circles represent 50, 100, 150, and 200 meters from the
surveyed finish point (Scale I" 100 meters).

+A
4+

Figure B-7. All runs on the electromagnetic subtest for the LWL/WHS
vehicle land navigation system traveling north during
baseline daia runs.
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Legend: +:denotes the sy';tem readout location when traveling south.

Note: Circles represent 50, 100, 150, and 200 meters from the surveyed
finish point (Scale I" = 100 meters).

Figure U-8. All runs on the electromagnetic subtest for the LWL/WHS
vehicle land navigation system traveling south during
baseline data runs.
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Legend: denotes the system readout when traveling South+ denotes the system readout when traveling north

Note: Circles represent 25C, 500, 750, and 1,000 meters from the
surveyed finish point (Scale I"l= 500 meters).

I

Figure B-9. Miss distance for the LWLAWHS vehicle land navigation
system on the electromagnetic subtest with the internal
radios continuously keyed.
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Legend: Qdenotes the system readout when travel ing south.
+ denotes Vie system readout when traveling north.

Note: Circles represent 50, 100, 150, and 200 meters from the
surveyed finish point (Scale 1" =100 meters).

Figurt 13-l0. rAi:,F dist.nce for the LWL/WHS vehict-,I'. lan~d .,dvigatiori syst-0m1
on the el-"'tromagnellc subtes-I with an M-COA2 tank travelinZ)
a parallel course hub-to-hub to the east of the test
vehic,'e,with rad~io transmitting.
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Legend: Qdenotes the system readout when traveling south.
+ denotes the system readout when traveling north.

Noie: Circles repreteni 50, 100, 150, and 200 meters from the

surveyed finish point (Scale I" 100 meters).

Higuru B-1 1. Miss distance for the LWLAYHS vehicle la~u nc.vigat~on system
on the elecrromdjneti .-'ubtesi with an M60A2 tank travel;ng

a parallel courfe at 5 meters to the east of the test
vehicle.
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Legend: Q denotes The system readout when traveling south.
+ denotes the system readout when traveling north.

Note: Circles represent 50, 100, 150,and 200 meters from the surveyed
finish point (Scale I" = 100 meters).

Figure B-12. Miss distance for the LWL/WHS vehicle land navigation system
on ihe electro maqnetic subtesl with an M60A2 tank travelinq
a parallel course at 10 meters to ihe east of the test
vehicle.
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~e~~j: denotes the system! readout when traveling south.
+ d'~nofte, ih'- system readoui1 when lravi-l irig north.

Note: Circles represent 50, 100, 150, and 200 meters from~ the
surveyed finish point (Scale 1" =100 meters).

Fi.r:'- :. >i',' d i in r the LW,' dl-i.' ve-!i C Ie I .,i;d nav i gaI ion
system orn the electromaanetic. subiest with ain M60AI tank
,rav. ! ir.i i leis IdCc'Urse al :5 meters 1(-, the e.ist of tth.
;Cg,,i veCi( It:-.

".- .. .. ..
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280 I%
260
240

"• 220
- 200

E) 180
160

U 140 5%

C
204120

100

S 80

40
20 j~j

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Distance traveled (kiometers)

!;lure -:4. The efect on the AGA vehicle land navigation system
if towing a I/4-ton trailer containing a 1,427 pound

load of metallic cargo.
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Legend: + denotes the system readout:
The letter A = hub-to-hub with an M60A2 tank

B = 5 meters from an M60A2 tank
C = 10 meters from an M60A2 tank
D = 15 meters from an M60A2 tank
E'= internal magnetic load
A = traveling south
A'= traveling north

Note: Circles represent 'J, 100, 150, and 200 meters from the
surveyed finish point (Scale I" = 100 meters).

Figure B-15. AllI miss distances for the LWI /WHS vehicle land
navigation systems during the magnetic environment
•ubtest.
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APPENDIX C

GRAPHIC RESULTS OF SUBTEST III - SYSTEM ACCURACY
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Figure C-1. Miss distance and percert error for
distance travleid for rur~s conducted by
the AGA vehicle navigatiot system
mnounted I n the !4II3A i traversINg the
closed loop, Iko~ei course.
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Figure C-2. Miss distance and runs conducted by the AGA vehicle
navigation system mounted In the MII3AI traversing
the closed loop, rough course.
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Figure C-3. Miss distance and runs conducted by the LWL/WiHS vehicle
navigation system mounted in the MII3AI traversing
the closed loop, level course.
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Figure C-4. Miss distance and runs conducted by the LWL/WHS vehicle
navigation system mounted in the MII3AI traversing
the closed loop, rough course.
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Figure C-.5. Miss distance and runs conducted by the AGA vehicle
navigation system mounted In the M151A2 traversing'C the closed loop, level course.
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Figjure C-6. Miss distance and runs conductVed by the AGA vehicle
navigation system mounted In the MW5A2 traversing
the closed loop, rough course.

80



I

4% error 3%

700

650

600 2%

S55 

0

D 500

E 450
d" 400

S350
4" 300 1%

• : 25O0

U 200
z 150

100
50

0 3.5 7.0 10.5 14.0 17.5 21.0 24.5 28.0
DisTance traveled (kilometers)

FTgure C-7. Miss distance and runs conducted by the LWL/WHS vehicle
navigation system mounted in the M151A2 traversing
the closed loop, level course.
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Figure C-8. Miss distance and runs conducted by the LWL/WHS vehicle f 1
navigation system mounted in the M151A2 traversing
the closed loop, rough course.
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F.,gure C-9. fA4;ss distance and runs conducted by the [AGA veh~icle
navigation system mounted in the MI!3Al traversing3
the open end, level course.
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Figure C-10. Miss disin.ce and runs conducted by the AGA vehiclenavigation system mounted in the M113AI traversing
thG open end, rough course.
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Fioure C-12. Miss distance and runs conducted by the LWL/WHS vehicle
navigation system mounted in the MII3AI traversing
the open end, rough course.
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IFigure (-13. H~iss distance and runs conducted by the AGA vehicle
navigation system mounted in the M151A2 traversing
open end, level course.
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Figure C-14. Miss distance and runs conducted by _he AGA vehicle
navigation system mounted in the MlSIA2 traversing
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Figure C-I5. Miss distance and runs conducted by the LWL/WHS vehicle
navigation system mounted in the M151A2 traversing
the open end, level course.
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system mounted in an M113AI.
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Figure C-22. Average miss distance and percent error for distance
traveled for the AGA vehicle navigation system mounted
in an M II3AI and MI51A2; and the system average for theclosed leveýl course traveling clockwise.
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mounted in an M113AI and M151A2; and the system average
for the closed rough course traveling clockwise.
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Figure C-25. Avorage miss distance and percent error for distance
tr.veled for the AGA vehicle land navigation ,ystem
mounted in an MII3AI and M151A2; and the system average
for the closed rough course-traveling counterclockwise.
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Figure C-26. Average miss distance and percent error for distance
traveled for the AGA vehicle navigation system mounted
in an M1I !3AI and M151A2; and the system average for the

open level course traveling norlh.
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Figure C-27. Average miss distance and percent error for distancetraveled for the AGA vehicle navigation system mounted
on an MII3AI and M1151A2; and the system average for
the open level course traveling south.
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Figure C-28. Average miss distance and percernt error for distance
traveled for the AGA vehicle land navigation system
mounted in an M113AI and M151A2; and the system average

Vr for the open rough course traveling north.
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traveled for the AGA vehicle land navigation system
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for the open rough course traveling south. J5

103



;T;

ir 3% error

650 •

550 -2%{
500 -,

450 -
"6 00
400

U 350
n 300ere

250
200

150

100
50

0 3.5 7.0 10.5 14.0 17.5 21.0 24.5 28.0

Distance traveled (kilometers)

Figure C-30. Miss distance and percent error for distance traveled
for the LWL/WHS vehicle land navigation system on the
closed level course traveling clockwise.
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Figure C-31. Miss disiance and percent error for distance traveled
for the LWL/WHS vehicle land navigation system on the
closed level course traveling counterclockwise.
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Figure C-32. Miss distance and percent error for distance traveled
for the LWL/WHS vehicle land navigation system on the
closed rough course traveling clockwise.
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Figure C-36. Miss distance and percent error for distance traveled
for the LWL/WHS vehicle land navigation system on the
open rough course traveling north.
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Fi~iure C-38. Data point 3463-4625
average Miss distance,
map and compass,
123.6 meters.
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Figure C-42. Data point 2864 4870
0• average miss distance,
• map and compass, 366 meters.

11

1216

I



S~Figure C-43. Data point 3291 4454

average miss distance,
map and compass, 378.8 meters.
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APPENDIX D

GRAPHIC RESULTS OF SUBTEST III - SYSTEM ACCURACY
(LNSt500 SERIES, AVIATION ELECTRIC, LTb.) TEST-FM 194
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Note: The LNS-516 is comprised of a north seeking gyro slaved to
directional gyro for heading Input.

Figure D-I. Average miss distance and percent error for
distance traveled for the LNS-516 (full gyro
system) vehicle navigation system mounted
in an M60A2 on the closed level cours
traveling clockwise.
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Figure D-2. Average miss distance and percent error for
distance traveled for the LNS-517 (hybrid
system) vehicle naviga-tion system mounted
In an MII3AI and M151A2 on the closed
level course.
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Figure D-3. Average miss distance and percent error
for distance traveled for the LNS-517vehicle navigation system mounted in ant4113Al, on the open rough coorse travel-ing clockwise (ORA), and M151A2 travel-ing counterclockwise 

(ORB).
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Figure D-4. Average miss distance and percent error for
distance traveled for the LNS-517 vehicle
navigation system mounted in an MII3AI, and
MI51A2 on the open level course traveling both
clockwise (OLA) and counterclockwise (OLB).
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Figure D-5. Average miss distance and percent error for
distance traveled for the LNS-517 vehicle
navigation system mounted in an MII3AI, and M15lA2
on the closed rough course traveling both clockwise
(CRA) and counterclockwise (CR8).
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NOTE: The LNS-518 uiilizes only a flux-valve for heading input.

Figure D-6. Average miss distance and percent error for
distance traveled for the LNS-518 (magnetic system)
vehicle navigation system mounted in an MII3AI, and
MI51A2 on the closed rough course iraveling
clockwise (CRA) 3nd counterclockwise (CR3).
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Figure D-7. Average miss distance and percent error for
distance traveled for the LNS-518 vehicle
navigation system mounted in an MII3AI, and
t415IA2 on the closed level course.
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Figure 0-8. Average miss distance and percent error for
distance traveled for Ihe LNS-518 vehicle
navigation system mounted in an MII3AI on the
open rough course traveling clockwise (ORA),
and MI51A2 traveling counterclockwise (ORB).
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LIST OF ABBREVIATIONS AND ACRONYMS

AEL - Aviation Electric, Limited
AGA - Acetylene Gas Accumulator
ANS - Automatic Navigation System
APC - armored personnel carrier
breadboard mcdules - experimental electrical circuit cards (modules)

in lieu of printed circuit cards
calibration - adjustment of distance input and/or heading Input of

navigation system to correct for error caused by the
vehicle in which the system Is mounted

compensalion - adju3tment requirE~d on magnetic compasses to nullify the
magnetic effects of the vehicle on which it is mounted

course-to-steer indicator - a manually set reference on the heading
display (compass readout) denoting a
desired direction of travel

CP - checkpoint
EW - electronic warfare
flux-valve compass (sensor) - megnetic type compass used on vehicles for

heading reference Input to a navigation
system or heading readout display

gyro system - a navigation system that utilizes a gyro for northing
alignment dnd heading reference input

hands-on maintenance time - that time actually spent on the physical
repair of -the system

hard wired - temporary wiring using standard'electrical wire in lieu of
printed circuits

initial (start) coordinates - the actual 8-digit UTM coordinates denoting
the location of the navigation sys..tem at
the point it was placed in operation

LNL - Land Navigation System
LWL - land ,!arfare Laboratory
m - meter
magnetic systeo - a navigation system that utilizes a magnetic type com-

pass for heading reference Input
magnelic/gyro - a navigation system that utilizes a magnetic type compass

for northing reference and alignment of a directional
gyro which then provides heading reference input

MAN/XAJ - Magnetic Automatic Navigator/Gyro Automatic Navigator
MD - mrr.r; distance
onboard compass - a vehicle mounted compass providing the vehicle comman-

der or driver a continuous display of the-vehicles
magnetic or grid heading

OP - observation post
OTP - Outline Test Plan
PANS-MN - Common Positioning and Navigation Systems - Materiel Need
PM, NAVCON - Project Manager, Navigation Contru!
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RFI - radio frequency interference
TSARC - Test Schedule and Review Committee
UTM - Universal Transverse Mercator
VCS - Vehicle Compass System
WHS - Westinghouse Corporation
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